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SANITABY WORK 


THE SMALLER TOWNS AND IN VILLAGES. 


PART 1. 

SOME OF THE MOEE COMMON FOEMS OF 
NUISANCE, WITH THEIE BEMEDIES. 


§ I.— PIGSTYES. 

In some parts of the coimtry almost cvciy house 
has its pigstye. The pig is looked upon as a kmd 
of bank. It is probable that pig<keeping by work-, 
men is not econoimcal, for the meal and other 
meat required to fatten the pig takes a deal of money, 
and it would probably pay the workman better to con- 
vert 1^ magta products of victuals into manure than to 
atoar^ timm in tubs or tanks about the house to feed the 
^ The chief cause of the nuisance of pig- 

ke<^|SflN^PNij^syer, is that the floor of the uncovered 
^ rough to be kept clean. It 
IHPytbing were thought good enough 
'With ; boulder stones, brick clinketSy 
which trill prevent the pig 
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rooting into the earth, — a natural propensity of the 
pig, derived, perhaps, from his wild ancestors, who 
got their own living in that•wa3^ These rough floors, 
however, cannot be kept so as not to be a nuisance. 
Pigs, like most other animals, do not void dung on 
their own beds if reasonable provision is made for 
them to go elsewhere. When this is done, the straw 
bed of the pig in the covered part of the st3re is pre- 
served tolerably clean ; but if the yard or uncovered 
part of the stye be roughly pitched in the manner 
above described it will not go out to this part unless 
the gross inequalities of the floor be covered over — 
indeed a heavy pig cannot walk over these rough 
floors. They are then littered. The litter holds to- 
gether all the dung and urine, and soon becomes a 
mass of filth ; and yet, in consequence of the rough- 
ness of the floor, it must lie there until fresh litter is 
laid down, however foul it may be. It is this reten^ 
tion of filth in the open yard of a pigstye which make! 
it a nuisance near a house. As to the manure thus 
made, it is not worth while to subject the health o£ 
persons to injury for the sake of it. The remedy for 
all this is to pave the floor, so that the filth can be 
swept away daily into a covered cesspit adjoining th^ 
pigstye, and to lay a drain from near the toj) of th^ 
cesspit to take away the over-flowing liquid to 
. same place — ^whether that be a sewer or an open piece 
of land — ^to which the house drainage is taken. ■ Biii 
nothing can be done in this, neither in other sanitaij 
requirements, without an ample supply of wat 
Another thing which makes a pigstye a nuisance whe^ 
otherwise it might not be so, is the feeding 
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vrith the offal of slaughter-housee. Butchers usually 
do a large business on small and confined premises, 
and make the most of everything to their own advan- 
ce hy keeping pigs, sometimes in large numbers, to 
eat up the offal. It would be very much better, in 
avery other respect than tlie undue advantage of the 
butcher, to convert the offal into manure. "When it is 
considered that it is only in the immediate neighbour- 
hood of a considerable number of dwelling houses 
'where private slaughter-houses exist, we see that 
neighbom.'s must necessarily be subject to annoyance 
where large numbers of pigs are kept on adjoining 
premises, and especially so when these are fed, or 
partly fed, on the offal of slaughter-houses. Notwith- 
standing that it might be a harsh law which would 
prevent a labourer keeping a pig when he believes it 
to be profitable to him, providing he keep it clean, 
&ere are yet certain situations in which a pig ought 
hot to be kept at all, viz. : — (1.) Adjoining the wall of 
i dwelling-house under a window ; for in such a situa- 
don the window cannot be opened without admitting 
be foul emanations of the pigstye, however well it be 
cept. (2.) Immediately adjoining a public; road or 
botpath. (8.) Near to a public road or foofpath when 
be stye is at a lower level than it ; and the greater the 
lifference of level the greater should be the horizontal 
^stance of the pigstye from it. 

is a frequent question of those who wish to con- 
^on to sanitaiy regulations, if only they know what 
gK ai«, at what distance from a dwelling-hou^e they 
\ k^. a pig. 

wqtdd seem to depend upon the state in which 
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it is kept. If the floor be such that the filth can be 
easily removed from it, and if a sufl&cient supply d 
water be at hand, we may reasonably expect that tla 
stye will be kept in such a condition as not to be 
nuisance, and it may in that case be nearer the ho 
than if no care or trouble be taken about these 
The Medical Oflicers of Health may at some time ag 
to recommend a ceiiain minimum distance whi^ 
should be insisted upon in all cases; but until we 
know what that is, the best thing we can do is to br 
as soon as possible all the solid and liquid filth, so 
to prevent the formation of injurious gases, or at ] 
to lessen the quantity ; and for this reason the fl<S^ 
of pigstj es should be evenly laid, so tliat the filth : 
be swept away daily to the land, in the manner alrea 
mentioned. 

Asphalt is in some places used for the open yard j 
fold of a pigstye, made with gravel, sand, and 
pitch of gas-tar. In other places cement ig^ 
spread thinly over a brick floor laid upon a be 
Crete, and sometimes upon the concrete itselfi^^ 
stone flags are to be had within a reasonable die 
they are sometimes used, and they make the 
floor ; but a good floor may be made with bricks ahj 
if care be taken to select them squai’e and well-l 
and to bed them solidly on a foundation of cone 

Besides the pig and the stye, another dot 
nuisance is the swill-tub, or wash-tank. Ini 
thrown both vegetable and animal refuse^ 
composes and gives oS foul gases. The 
these is assisted by s&rring up the conteip 
the pig is fed. In so far as this cause 
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.contributes to the result it affords a greater reason for 
^sting upon its being a long way off the house than 
IForded by the consideration we have given to the 
jdgstye itself. 

(^here is a little book on The Pig/’ by H. D. 
Ihardson^ in which he says, I cannot too frequently 
erate my observations relative to the pai’amount 
Icessity of cleanliness and dryness.” The floor of 
the fold, he says, should slope towards one comer, 
should be of flagstones or pavement, and there 
aid be a drain from the lowest comer to a tank or 
: cesspit outside, and adjoining the pigstye. The 
Ibr of the covered shed should be kept constantly 
ered ; and so, indeed, should the courtyard or fold, 
jj^Jhe object of tlie keeper is to convert his straw into 
^fflure.” (Here the author seems to speak of farmers 
or others having plenty of straw and wanting manure.) 

' If not, it should be swept and washed clean, and 
lally sprinkled with fresh sawdust.” 
re is no better absorbent, no cleanlier material '^ 
and it is cheaper than straw, when both have 
l^urchased, much more portable, easier obtained, 
ied, or stowed away.” The object in having the 
i he says, is a double one, viz., “ at once to keep 
f^ig-fold and styes in a clean and dry state, and to 
\ the valuable liquid manure which comes from 
lals you keep.” Again, “ There are some who 
l^bubly inquire whether it would not rather be 
i^^suffer the moisture to soak into earth of straw, 
bstances, on the floor of the enclosure, and 
it sU away periodically, than to drain off 
^info.a tank. JB'or the information of such 
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persons, I may observe that by drawing off the liquid 
you add to the cleanliness of your swine, and therefore 
to their health and capacity for thriving ; and also that 
the collection of the liquid manure into tanks is less 
troublesome than the removal of substances saturated 
with it would be.” 

The section of the Act which relates to pigstyes is 
the 91st, defining nuisances, in which a nuisance is 
** Any premises in such a state as to be either a nui- 
sance or injurious to health,” and ^^any animal so 
kept as to be either a nuisance or injurious to health,” 
and “ any accumulation or deposit wliich is either a 
nuisance or injurious to health.” 



§ II.— SLAUGHTEE-HOUSES. 


The positions of slaughter-houses in rural sanitary 
districts are generally such as to cause a nuisance. 
They are mostly behind the butchers* shops, and these 
are necessarily in the thickly populated parts of the 
district, and in these parts the ground is in most cases 
as thickly built upon, for some considerable distance 
round the slaughter-house, as it is in many large towns. 
The position behind the butcher’s shop is, however, 
preferable to one which is open to the street, as some 
slaughter-houses are, and which are both slaughter- 
house and shop in one. In the case of a slaughter- 
house in the back premises of the shop (which, by the 
bye, is in most cases part of the dwelling-house) the 
Dbjection due to its position is often doubled by its 
bad structural condition. This is wholly unnecessary 
and unwarrantable. In addition to this, notwithstand- 
ing that the spaces are so small and confined, the nui- 
sance is often increased by keeping pigs to eat up tlie 
which is the system of disposing of it, and no 
^ular means of removal are adopted for disposing of 
hat which the pigs do not eat, which is thrown on to 
he manure heap, exposed to the sim and atmosphere ; 
whereas if the system were to keep no pigs on the pre- 
oises, but to remove all the offal to a field where they 
aight be kept, then all the offal wotdd be removed to* 
leAor, as a rule of the business, and the premises 
lould be rid of both offal and pigs. Tins is the practice 
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in some individual cases, and it should be enforced 
where necessary, in all cases, on sanitary grounds. 

This being done, nuisance arising from the struc- 
tural defects of slaughter-houses may be fitted by the 
following means. The first requisite is that a suffi^ 
cient quantity of water shall be close at hand* Some 
trials to ascertain the quantity required show thal 
about 140 gallons of water are required on each killing 
day; it is important, therefore, that it should be ‘‘laid 
on ** in i)ipes, for if it have to be fetched from a dis- 
tance the necessary quantity will not in general be 
used. 


The next requisite is that the floor shall be evenlj 
paved, for a rough floor cannot be kept clean, and 
there is probably no spot of ground within the compas| 
of the whole area of the district of a sanitary authoritj 
that should be so well cleansed as a slaughter-house 
floor, for the dirt it is subject to is of a kind which^ 
most offensive. But an evenly paved floor and plen 
of water must go together. Without a sufficient q^^ 
tity of water to w^ash the dirt off an evenly paved 
the beast slips upon it, and a butcher prefers a rou^ 
floor under those circumstances. But a rough flo^ 
cannot be kept so as not to be a nuisance, howe^ 
much water may be at hand. No doubt there is lauoM 
inconvenience to the slaughterman by reason of q 
tain slipperiness of a ^ooth floor with blood upbifl 
but, weighed against the sanitary benefits of a qiS|| 
removal of all blood and garbage, this cannot be aUotr^ 
to be a grievance. 

Stone flags make the best fiooi*, but grit-sme i 
any form answers the requirements. It is soffieientl 
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hard for durability, for the wear is in this case not 
great, and it is sufficiently non-absorbent. Flags 
should be of moderate size. If they are small in area, 
tlie great we^%hts that come upon them tend to cause 
|n unevenness of the floor : if they are very large they 
are liable to be broken, unless they are also propor- 
tionately thick. It would seem from experience that 
the superficial ai'ea of any one flag should not exceed 
one square foot for eveiy half inch of its thickness. A 
firm foundation is necessary, whatever be the material 
of the floor, but the smaller the individual pieces com- 
posing the floor the stronger ought the foundation to 
A bed of concrete twelve inches in thickness will 


probably be sufficient for any situation, and if the floor 
te of good stone flags a bed of concrete eight inches in 
liiickness will be sufficient. The concrete should be 
oiade with hydraulic lime, or with cement. The colu- 
mn fat limes are not good for foundations. 

Hfehe edges of the flags should be squared down to 
i«epth of at least two inches, and great care should 
)e taken to make the joints i)erfectly close with cement, 
Rherwise the infiltration of blood and filth will be a 
Constant som’ce of nuisance. A level floor is better 
pin one laid sloping towards the drain, for the removal 
^ the filtli by means of water depends in this case 
dioUy upon manual labour, and not upon natural 
nunage ; and a level floor is less slippery. 


M drain from the slaughter-house should have as 
ikuclRall as the outlet will admit of, and should be of 
t0i^t-pipes six inches diameter, closely jointed. 

Thd height of a slaughter-house is required by the 
Ijpe^laws in some districts to be not less than nine feet 
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from the floor to tlie wall-plate of the roof, or, where 
there is a room over it, not less than eleven feet to tlie 
ceiling ; and that there shall be means of light and 
ventilation to the extent of at least twenty square feet ; 
also that the lowest part of any opening in the walls 
sliall be at a height from the ground of not less tlian 
six feet ; that the cleansing of the floor shall be done 
within three hours of the time of slaughtering ; that the 
walls shall be thoroughly whitewashed with quicklime 
four times in a year, viz., in January, April, Jul^^ and 
October ; but in other places the bye-laws require that 
this shall be done twice a year, viz., in March and 
September, and perhaps this may be as far as bye-laws 
ought to go, for laws must be absolute, and apply to all 
cases. And in respect of the area of the openings for 
ventilation, stated above to be twenty square feet, that 
would seem to be very desirable, for the great amount 
of vapours arising from the slaughtering and dressing 
ought to be allowed to escape into the atmosphere as 
quickly as possible. 

Hides and skins should be removed within two days 
of the time of killing. 

Section 169 of the Act directs that, for the purpose 
of enabling any urban authority to regulate slaughter^ 
houses, the provisions of the Towns Improvement 
Clauses Act, 1847, with respect to slaughter-houses, 
shall be incorporated with this Act. 



§ III.— PRIVIES AND CESSPOOLS. 

Thebe should be a separate privy to each house. 
Sometimes we find only one to several houses. When 
this is so, its proper condition is neglected by all, and 
when complaints are made the neighbours fall to 
quarrelling, and there is a difficulty in fixing the 
blame upon the tenant of any one house. But besides 
this no feeling of decency can be maintained by any of 
them. In every lirivy there should be a child’s seat, 
not more than 10 or 12 in. high, w’hile the proper 
height for the other seat is 18 or 19 in. When the 
low seat is not provided children are driven to. dirty 
habits. The door should not WSs^Aung so that the 
bottom of it comes close down upon the floor, but 
-there should be a space of 8 or 10 in. between the 
floor and the bottom of the door, and there should be 
a hole in each wall, near the top, for ventilation. 

An open privy cesspool is in most cases a nuisance. 
The addition of small quantities of water to effete 
organic matter causes fermentation and the liberation 
/of the gases of decomposition ; and therefore all such 
matter should either be washed away with plenty of 
water, or water should be wholly excluded from it. 
Either an abundance of water or none at all is alone 
"^safe in this case. Therefore the cover or roof should 
he made so as wholly to exclude rain-water. If the 
, ground be a stifl? retentive clay, this may be sufiicient } 
^but in most cases the ground is more or less porous^ 
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and then the water sinks into the ground and carries 
with it in solution the contaminating matter of the 
cesspool, perhaps to a well. So that, at the best, the 
case oSers but a choice of two evils ; either the water 
is evaporated, carrying into the air the noxious gases 
(and perhaps the germs of specific diseases), or it con- 
taminates the underground water. 

These are sufficient reasons why privy cesspools 
should be covered, but if water is to be wholly kept out 
of the cesspit it is necessary that it be prevented from 
soaking into it through the sides or bottom from the 
surrounding ground ; for the water which falls upon 
the surface and soaks into the ground is dra^\^l towards^ 
the cesspool, and enters it through the sides and bottom 
unless these are water-tight. When we are about to do 
a thing — though it may be merely the making of a 
water-jtight cesspit — it is better to do it thoroughly, 
than to make useless the greater part of our labour by 
withholding the remainder. 

There are several ways of making the sides and»» 
bottom of a cesspit ^vater-tight. In the case of a new 
construction the ground may be got out a fo^fi widet 
each way than the outside dimensions of tbi^ 
and 6 in. deeper than the underside of the, floQHH| 
and this outer space may be filled with puddled 
The proceeding is to select some good stiff clay 
throw it in, and to cut, cross cut, and tread this into 
one impervious mass, with the use of a suffibient 
quantity of water only to reduce it to a uniform con- 
sistency. Care should be taken not to use too inuch 
water. This bottom puddle having been com{»l6ted, 
the fitoor is to be laid and the walls carried up, first 
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half their full height* Then all rubbish is to be 
cleared away from the top of the puddle outside the 
walls, and the space filled in between the back of the 
walls and the sides of the hole with puddled clay, 
previously prepared. The walls should be stayed 
across from side to side to prevent bulging while the 
puddled clay is being trodden in, or rammed in. 
When the walls have been thus backed up to half 
their height the remainder of the walling is to be com- 
pleted, and, after clearing away the rubbish from the 
top of the puddle, the remainder of the puddle back- 
.iiig is to be completed. The walls should be built 
Kvith hydraulic lime mortar, or with cement, and if 
sufficient care be taken to stay the walls across from 
side to side, and to leave in the struts until the mortar 
becomes hard (on the face of the wall at least) the 
walls may be half-brick thick ; otherwise they should 
be one brick thick. 

"Where good retentive clay cannot easily be pro- 
^cured, gas tar may be had. In most places some line 
and «ion-porous material may be had, such as fine 
gravel, -coax’se sand, or the refuse of limestone or 
parries. Ashes or other porous material is 
Rigood for the purpose. Let the material be dry, 
Bi, pass it through a screen or riddle of half-inch 
%esh. It has been found, with quarry rubbish, that 
about three by measure of this material to one of gas 
tar tnakes a substance which can be handled witli a 
trowel like common mortar. Having excavated the 
hole to the required dimensions, and trimmed the 
bottom level, spread this composition over the bottom 
ipd lay the brick floor upon it. The ground should be 
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got out an inch or two wider each way than the outside 
of the walls. Carry up the walls to half their height, 
and, having cleared away all rubbish from the face of 
the tai’-composition below, fill in the space with the 
same. Complete tlie walling, and, again having cleared 
away all rubbish from the face of the tar-composition, 
complete the backing, taking care to unite the second 
with the first portion. It is better to make the tar- 
composition used in the bottom stiffer, and to add 
more tar for the backing of the walls. 

Old brick cesspools are often larger than is neces- 
sary. In these cases the dimensions may be sufficient 
to allow of a half-brick lining. If so, lay the floor in 
the manner above described, and carry up a half-brick 
wall all round at a distance of an inch from the old walls, 
and fill in the space with the liquid tar composition in 
the manner described. 

There are two ways of covering the cesspit so as 
to exclude rain-water — closely and openly. The open 
method is the better. It then takes the form of a 
roof, raised above the ground on posts at the angles, 
the sides being open. The roof should project suffi- 
ciently far over the sides of the i)it to preve^it the 
drifting of rain into it. The whole subject may be 
reduced to this principle, viz., keep all water out^md^ 
let air in. 

An important principle to be observed in sanitary 
work is that all effete organic matter should be ex- 
posed to the action of earth or of atmospheric air, or. 
of both, as fully and as quickly as possible after 
it has been thrown off, in order that it may become,, 
changed into harmless substances, and, for harm^ ' 
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virtually destroyed. Unless, then, an absorbent like 
dry earth or the fine ash of house-fires be daily thrown 
into a covered cesspit, the cover should be so made 
that the atmosphere may have the fullest play over 
its contents. The cover. should therefore be raised 
from the ground, and be, in fact, a roof, the sides 
being open, as in Figs. 1 and 2, Fig. 3 being a plan 


Fig. 1. Fig. 2. 



of the same. When, however, an absorbent^ as one of 
nhose above stated, is added daily, the cesspit j^y 
'be closely covered, as m Figs. 4 and 5. If the c6^r 
1^ of wood, a frame of half battens covered with inch 
hoarding is sufficient, if the joints be grooved and; 
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tongued- Either a part or the whole of the boaHe^ 
cover should be hiuged to the frame, so that it mafl 
be opened for the removal of the contents, and ra 
that it may fall down again exactly to its place. Loon 
covers are seldom put back again properly. In fixiin 
the cover it should be set thi'ee inches higher on on 
side than the opposite one, so that the rain-wam 
may readily run off. The frame should be bedd« 
upon the walls so closely tliat water cannot soaS 
under it into the cesspit. The cover should be laid 
with a close joint against tlie privy wall, the joint 
being caulked or otherwise made water-tight. . 4, 

For dm'ability an iron cover is preferable, if it b^. 
hinged or have a hinged door, but loose plates a*j| 
seldom put back again into their proper places 
removal for emijtying, being too heavy. 

The durability of wood may be increased by 
it over with the oil of coaJ ^r pitch. 
naphtha has beon^JYernoved fr..>m coal-tar, the 
is derived yfrom the. residue. ljlaw’ c,Qal-tar 
used if one pint of spirits of turpentine be^add^i^^Hn 
gallon of Har as/a drieh 

The question aris^ — What size should the 
be ? Before determining that, let us consider a][j||lH 
important matter connected with water-tight ;lHH| 
cesspits and with ash-heaps. When the 
cinders of a house-fire are brought out 
into a heap together they are allowed id" 
because of their worthlessness for any general 
and t^ey become a nuisance in several waya^' 

' fine ash is Mown about by the wind, ^d partly 
the house again in many eases,., and 
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^ 01* near to’ a roadside the dust is a nuisance to 
ibose who pass* The ash-heap is an inviting place 
|pon which to throw the contents of chamber-pots, 
in general it is the common place upon which 
rbagc and the waste of victuals are thrown, where 
|^j|»ig is not kept, and it is thus converted into a foul 
No one will readily fetch it away, for it is 
bither clean and useful nor good manure. 

Now if, when the ashes of the house fires are brought 
out daily, the fine ash were screened out of the cinders 
and thrown into the privy cesspit, that part would be 
dealt with, and several important advantages would 
result, for, extraneous water having been prevented 
from entering the cesspit, the only liquid it would 
contain would be that of the excrement, and this 
|vould be absorbed by the fine ash and kept for manure. 
The fresh privy excrement would be covered daily 
)||m.the fine ash. All garbage and waste of victuals 
also be thrown into the cesspit and go to make 


''^*open cesspool is economically bad, and wasteful 
re. The contents are reduced to a sloppy 
; t^hkh cannot be taken out without buckets, and 
is carried away without being mixed with 
dr other dry matter on the spot, a barrel is 
£ot the purpose ; and when it has been tlius 
6id, at considerable cost of removal, it is hardly 
nMching away, because of the labour of mixing 
0fskex substances before it can be applied to the 
'When, as is the more general custom, the 
|md eoDitents of the cesspool are removed together^ 
the .i^rheap, qr part of it — ^ihat is to eayv as much 
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as the farmerrequires for the removal of the liquid con- 
tents of the cesspool — ^the operation is noisome tod 
offensive. But when the ashes are screened the fine ash . 
and the privy soil together form a portable manure, in a 
state sufficiently solid to be dug out of the cesspit when, 
required. Manure is required for the land chiefly 
twice a year — spring and autumn — so that in this 
respect a cesspit should be of a size which will hold 
the contents for half a year.. 

The quantity of fine ash resulting from house-fires 
varies with the quality of the coal. In some districts 
it averages | cubic foot per week from each fire, and 
as in small houses one fire only is usually burnt, this 
becomes | cubic foot per house per week in its dry 
state, or 20 cubic feet in six months^ This 20 cubic 
feet will absorb 7 cubic feet of liquid^ and its bulk will 
be reduced to three-fourths of its dry bulk, or to 15 
cubic feet per house for six months. 

I have had in use during the last two years, in the * 
kitchen of the house I occupy at Madeley, one of the-^ 
ash-screens hereinafter described, which separates 
the fine ash from the cinders, and I have repeatedly 
ascertained the quantity of water which a given quan* 
tity of tile fine dry ash will absorb,, and it is as above 
stated.' The spaces between the bars of the grate 
through which the ash falls are three-sixteenths of 
inch wide ; a width decided upon, after frequent iria^ 
to be the best width. 

A depth of 6 or & in. of straw, fresh stable lith^ 
sawdust, fem-hrake, or other Waste vegetable 
of that kind, should be put into the bottoin. o^ 
ces^t before beginning to use it, and eaieb th^ amF 
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emptying it. Under certain circumstances an exces- 
sive quantity of urine is discharged into the cesspit, 
which percolates into this absorbent material, and is 
retained at the bottom, and not subject to evaporation. 

This will occupy a space of 6 or 8 cubic feet*— say 8, 
'^making 23 cubic feet. Then the faeces, &c., will oc- 
cupy a space of 3 or four cubic feet — say 4, making 27 
cubic feet, or one cubic yard per house for six months. 

But it must be observed that* the kind of coal from 
which the above-named quantity of ash results (which 
has been found by experiinent) is not of average good 
quality, and probably about | cubic yard per house 
would be sufficient on the average. 

The cinders, being separated from the fine ash, are 
juseful for a variety of purposes. They .may be re- 
p;)umt, or, if not disposed of in that way, tliey are very 
useful for roads and footpaths. Nothing makes a 
better foundation for the metalling of a road than clean 
cinders, and across wet land nothing makes so firm and 
dry a footpath ; they bind well together, are porous, 
dry, and therefore clean, which is really a great thing 
to be desired in rural districts. The slight objection 
to the dark colour is soon gone after experience of 
the comfort of walking on such a footpath in wet 
weather, when perhaps others are almost impassable. 
But it is only by taking out the fine ash that the house 
Bishes are made thus useful. If at first careless people 
should spoil their heaps of cinders by throwing on to 
such garbage as they ought to throw into the 
will be rectified by a gradual ac- 
of common sanitary knowledge ; and if this 
inspector of nuisfmces may with more justice 
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deal summarily with such persons than when no pro- 
visions are made to enable the tenants to avoid commit- 
ting nuisances ; for really at present the commission of 
nuisances is in many cases unavoidable for want of pro- 
per structural conveniences on the premises of houses. 
An extensive acquaintance with the poorest people 
shows that there is no< reason to doubt the willingness 
of most of them to keep their houses and premises 
in a cleanly condition, and to observe sanitary in- 
structions, even though they may entail some extra 
trouble, provided that practical help is given to them 
to enable them to comply with those sanitaiy require- 
ments, and not, as it were, stand a long way off and 
call out to them to do this or that without making it 
possible for them to do it. It is in such cases as this 
that we hear people say, Oh, they won^t take the 
trouble to keep the place clean, do what you will for 
them.*’ But that is not true, in any large sense, ah 
though it may be so under certain circumstances, as 
those, namely, where owners of houses never go near 
their tenants, but leave the collection of rents to 
agents. These common subjects of pigstyes, privies, 
cesspools, and ash-heaps, claim serious attention, for a 
Public Health Act cannot be properly carried -out 
unless the work be begun at the right end, and that 
we may take to be to get people, each for himself and; 
herself, to perform those common every-day function^ 
of cleanliness which, when neglected, cause aii ac- 
cumulation of evils almost irremovable. It Is by 
dealing with these evils in detail, upon some g^eral 
and well-defined system, that they will co,me by'^sChS-;]^ 
to be whoUy removed. 
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As to the means by which the fine ash may be 
separated from the cinders, in a simple manner and 
inexpensively, there is a choice of two or three. 1. A 
fixed screen, as shown at A, in Figs. 4 and 6, built 
into the wall of the privy. Figs. 6, 7, 8, and* 9 are 
f respectively a section, an end view, a j)lan, and a cross 
'section of the ash screen, to a scale of 1 in, to a ft. 
Here the ashes of the house-fires are brought out and 
thrown into the screen, and with a small rake the fine 
ash is soon separated from the cinders, and falls down 
upon the cover of the cesspit, and is pushed through 
a^hole in the wall of the privy, underneath tlie screen, 
into the cesspit ; the cinders are then raked out of the 
screen into the box in which the whole had been 
brought out, and carried back to the fire, or otherwise 
disposed of. 


Fig. 4. Fig. 5. 



The cost of this screen, in the form in which I have 
it made, is 6s., and in building a new privy it 
no more than that to the expense ; but in fixing 
it to an existing privy wall, the expense of cutting. the 
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hole and fixing the screen is la. 6d. more, making 
7s. 6f?., fixed complete. It weighs 14 lbs. 

A fixed screen ot this kind has the disadvantage 
that the fine ash is blown about during the process of 
carrying and screening, and to avoid that I have 
devised a hearth-box, which takes the place of the 
common grid and hole under the fire-grate. A small 


ASH SCREEN. 

Fig 0. Fig. 7. 



^ Scale — 1 inch to a foot 


box or shallow tray of sheet iron is placed under the 
fire-grate, having a grid or grating attached to the top 
of it, which, when in its place, is flush with the heii!rth<^ 
stone. The fine ash mostly falls of itself through the 
grating into the box. ^Whenever the hearthstone is 
swept up the remainder falls through, and the cinders 
are at once put upon the fire. This is done as often 
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in a day as a cleanly woman pleases to tidy up her 
hearthstone. 

The size is made sufficient to contain one day’s fine 
ash, so that it must bo removed daily. The hearth- 
box, or cinder savei, as it may be called, being taken 
lo the privy, the fine ash is discharged into the cess- 


Fig 10 


HEABTH BOX 


Fig 11 
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and converts the whole contents of ijie cesspit into 
portable manure, of some value, and l^hich will 03 ^ 
that account be the more regularly ani^ frequent 
removed. , i , 

This box is shown in Figs. 10, 11, 12, 13, andl4i;i 
and costs about 6a. "jC 

Cutting the hole for it under the fire-^ate costal 
about the same as cutting a hole in the wall of the 
privy for the fixed screen, so that (when the ^ash is 
discharged from the box thipugh the privy seat) the' 
whole expense is about 6s. 6d., and when it is pre- 
ferred to cut a hole in the privy wall instead of that, 
the whole cost is about 7s. Qd. 

Fig. 10 shows a cross section of the box, shu^;: 
Fig. 11, the front end when open, for tlie discharge pf ' 
the ash ; Fig. 12 a section length shut, and Fig^^ 
13 open ; Fig, 14 being a plan. 

The hearth-box is made of sheet-iron of the 
ness of No. 16 wire-gauge. The bars are J in., 
the spaces tS in. When in its place the 
the grating which covers the box is flush with^ 
hearthstone, and oflfers no obstruction to the 
the brush or shovel, A hole ia sunk in the 1 
stone a little deeper than the box, and a chiseb< 
run round the edges, to receive the flange of 
The box itself is hinged to the near end of .tbe:| 
plate, and has side flanges not quite so 
come flush with Ihe edges of the grating plato^ 4 
the grating plate can be retained by the fingeW 
when the flange of the box undemeath is let drnp j 
the purpose of shooting but the fine i^h 
far end. The near end of the box iB slot 
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||[at it may be more readily picked up from the hearth 
^au if it had to be lifted vertically to the height of its 
fewu depth. On each side of the box a half-round 
|hase is 'cut in the hearthstone, 1 in. wide and Jin. 
d||ep, into which the tips of two fingers of each hand 
Ire inserted to pick up the box. 

' When it is said that six months seems to be the 
most suitable length of time upon which to calculate 
the capacity of a cesspit, that is on grounds of utility 
alone, seeing that it is twice a year when farmers 
require the manure, and therefore will readily fetch it 
if it is worth something, and so we might reckon upon 
getting the cesspits Regularly emptied, at least as often 
0$ that, if we can convert tlie privy excrement into a 


portable manure. But it is, of course, a question on 
^isneral grounds of health whether privy excrement 
^ould be allowed to remain on the premises of a 

f house so long as that. Unless it be at least 
ly covered with ash or dry earth, that would 
be too long a time ; but it is by the Medical 
that this question must be settled, and the 
testimony seems to show that in towns the 
it shpuld either be removed at once, by means 
closets, or if privies continue to be used in 
i often £is once' a week ; and this requirement 
;he size of the receptacle to one which can be 
moved/ and a tub or* pail is then adopted 
»f a cesspit. Bilb important general ques- 
t be determined before it can be said which of 
> methods — a cesspit or a pail — is to be pre- 
any plael/ i^al or mban. It is whether the 
Authority shc^ undertake the removal of the 
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privy excrement, or whether it shall be done by indi- 
viduals, for it is only when the work is done by the 
Sanitary Authority, under an organised system of re- 
moval, renewal, and disposal, that the pail or tub 
system can be made to work properly. 

In devising means to an end it often happens that 
the object assumes a form ditferent from that first con- 
ceived, although it may remain the same in principle ; 
the one form growing out of the considerations given 
to the other. Thus, as soon as reason has established 
the case that there should be no open cesspools, but 
that they should be converted into water-tight cesspits, 
a little fiirther consideration shows that, when every- 
thing is water-tight and dry, no pit at all is necessary. 
In considering how to prevent exhalations from an 
open cesspool, the first thing that occurs to one is to 
cover it ; the next to supplement the close cover with 
water-tight walls and bottom ; and, in order to absorb 
the liquid and hold it for manure, and to deodorise 
the contents of the cesspit, to throw into it dry eai*th 
or the fine ash of the house-fires. But when the con- 
tents of the cesspit are thus converted from a Uquid to 
a dry mass, there appears no reason for a pit at all, a|Ld 
no reason why the dry mass should not be deposited 
on the level of the ground, so as to be easily filled into 
a barrow or cart in the usual way, and so avoid the 
useless labour of digging it out of a pit. 

All that is necessary order to make a pit tuine- 
cessary is that the floor of the privy shall be consider- 
ably higher than the level of the ground at the place 
where the manure is to be shovelled tip into the bam^ 
or cart, and 2 ft* would seem to be a sufficient height 
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fop this. Privies are sometimes buUt on sloping 
ground, which gives of itself a sufficient difference of 
level between the front and back of the privy, or nearly 
so ; but on level ground one of two things is necessary 
to be done in order to do away with a pit : either to 
raise the floor 2 feet or so above the ground level and 
make an inclined walk up to it, or to make steps, say 
three of 8 in. each. 

At the back there should be a projection from the 
wall of tlie privy, as shown in Figs. 15 and 16, so as 


Fig. 15. Fig. 10. 



Scale -I-Sth ot an inch to a foot. 


to contain the same quantity as a pit should do in the 
same^ place, say | cubic yard for each house, and the 
floor should be made to slope downwards about 1 in 
6, as^shown. A hanging door covers the hole throtigh 
which the place is emptied. The contents being in a 
dry state, nothing exudes through the opening. 

Besides the greater focflity of emptying, this plan 
has the advantage Df befog rather less expensive than 
and especially so on sloping ground. 
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There is another method .which consists in la$^ing ^ 
concrete or other floor at the ground level, to receive 
the deposit, and round the edges of which on threej 
sides the house ashes are arranged. The floor of. the 
privy in this case is raised above the level of the 
ground — say 2 feet. The excrement and the ashes 
are mixed together when required to be removed. If 
the ashes are carefuUy disposed round the edges of the 
floor they absorb the excess of liquid and prevent it 
spreading over the surface of the ground outside. This 
method, however, would seem to me to be objectionable, 
unless the floor and the space occupied by the ashes 
were roofed over. That being done it would be pre- 
ferable to a pit. Indeed any kind of pit is to be 
avoided if possible. The open pit ought not to be 
allowed under any circumstances, and, seeing the diffi- 
culty of making a pit water-tight, it is advisable to have 
none at all. But the roofing over is absolutely 
necessary. 

By section 35 of the Act every new house is to have 
a sufficient water-closet, earth-closet, or privy, ^.nd 
an ashpit furnished with proper doors and coverings ; , 
and by section 36 cmy house without a sufficient water- 
closet, earth-closet, or privy, and an ashpit fumisEied 
with proper doors and coverings, is to be provided with 
these within a reasonable time to be specified in a 
notice to be given to the owner or occupier. If the 
notice is not complied with the local authority may, at 
the expiration of the time specified in the notice^ 4^ 
the work thereby required to be done, and may recover 
the expenses from the owner: or may declare th0 ' 
same to be priyate ux^rovement expense ; provii|e4 
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that where the convenience has been and is used in 
common by the inmates of two or more houses, or if 
in the opinion of the local authority the convenience 
-may be used by the inmates of more than one house, 
they need not require one to be provided for each 
house. 



{} IV.— BAD AIR IN HOUSES. 

Those persons who go much into small houses, 
whether in town or country, find a fetid odour and a 
close and stuffy condition of atmosphere prevalent in 
all parts of the house. This fetid odour is distinct 
from that of sewers and drains, and prevails also 
where there are none of these. It is the exhalations 
from animal bodies, human, canine, feline, and other, 
and from dirty clothes brought into the house damp, 
and there left to dry ; from dirty bed clothes, which 
have absorbed the perspiration of persons during the 
night, and give it off in vapour during the day ; and 
the general dust of the house. 

AVlien we consider the chemical composition of 
atmospheric air in different places, it is surprising 
how small the difference is — in figures. Atmospheric 
air consists, in the main, of two gases, viz., nitrogen 
aud oxygen (the nitrogen being inert and the oxygen 
the life-sustaining poilion), with a small quantity gi a 
tiiird, viz., carbonic acid. Dr. Angus Smith has 
recorded, in his book on ** Air and Rain,” that the 
usual amount of oxygen in the atmosphere — ^that is, 
the average analysis of the air of all places, good and 
bad — ^is 20*96 per cent., or 209*6 cubic feet in 1000 
cubic feet of air. The air of the seashore and the 
open heath, he says, contains 20*999 per cent^ of oxjr^ 
gen. In a room which felt close, but not excessively. 
BO, the amount was foftnd to be 20*89 per cent. In a 
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yery small room, with a petroleum lamp burning and 
a good deal of draught, the quantity of oxygen was 
20*84 per cent., and after the lamp had 1)een burning 
for six hours it was 20*88 per cent. At the hacks of 
houses in Manchester it is 20*70 per cent* In a 
crowded law coiu*t in London an analysis gave 20*65 
per cent. When a candle goes out it is 18*60 per 
cent. The worst specimen examined from a mine was 
18*27 per cent. 

No air in nature contains more than 21 per cent, of 
oxygen, and none contaiiis much less. It is proved, 
Dr. Smith says, that badly ventilated rooms contain- 
ing less than 20*7 per cent, of oxygen ai-e very im- 
wholesome. 

Some people will probabty inquire,” he says, ** why 
we should give so much attention to such minute 
quantities, thinking these small differences can in no 
way affect us. A little more or less oxygen might not 
affect us, but supposing its place occupied by hurtful 
matter we must not look upon the amoimt as too 
small. The difference between 20*999 and 20*980 is 
190 in a million. In a gallon of water there are 70,000 
grains. Let us put into* it an impurity at the rate of 
190 in 1,000,000; it amounts to 13*8 grains in a 
gallon. This amount woul^ be considered enormous 
if it consisted of putrifying matter, or any organic 
matter usually found in water. But we drink only a 
Comparatively small quantity of water, and the whole 
18 grains would not be swallowed in a day, whereas we 
take into our lungs from 1000 to 2000 gallons of air 

" The detection of imimrities m the air is therefore of 
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the utmost importance. We must remember also that 
the blood receives the air and such impurities as are 
not filtered qnt in its passage, whilst it is the stomach 
which receives the water we drink, and that organ has 
for many substances a power of disinfection and de- 
struction which the blood does not possess.” 

The quantity of carbonic acid in the atmosphere is 
stated by the same authority to be as follows, at Man- 
chester : — 

In ihe streets in usual weather, ‘0408 per cent. ; 
during fogs, *0679; about middens, *0774; average of 
all the town specimens, ‘0442 ; where the fields begin, 
•0369 ; minimum of suburbs, ‘0291 ; and in close 
buildings, ‘1604 per cent. 

In the London parks and open places the per-cen- 
tage of volume is ‘0301 ; in the streets, ‘0380. 

On hills in Scotland, ‘0832 the lowest, and *0841 
the highest per-centage. 

Dr. Bernays found in a Chancery Court, with closed 
doors, at a height of 7 ft. firom ^e floor, ‘193 per 
cent, at a height of 3 ft. from the floor *203 per cent, 
of carbonic acid gas. The worst specimen from a 
London theatre, at eleven o’clock at night, was *§20 
per cent. 

Dr. Qeoi^e Wilson, in his “ Handbook of Hygiene,” 
says, the question resolves itself into this— What 
amount of carbonic acid shall be accepted as the 
standard of permissible maximum imparity f After 
numerous experiments and a most extended inquiry. 
Dr. Parkes has given it as his oinnion that, allowinft 
*4 volume as the average amount of carbonic addiit^ 
1000 volumes of air, this standard ought not te^ 
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exceed *6 per 1000 volumes, because, when this 
mtio is exceeded, the organic impurities, as a rule, 
become perceptible to the senses. With a ratio of *8, 
*9, or 1 per 1000 volumes, the air smells stuffy and 
close, and beyond this it becomes foul and offensive." 
Dr, Wilson corroborates these remarks of Dr. Parkes 
from his experience of prisons, a class of buildings 
which afford opportunities of arriving at an approxi* 
mate and practical solution of this problem. 

Dr. Angus Smith, in ‘^Air and Rain,’* says, ^*we 
all avoid an atmosphere containing *1 per cent of car- 
bonic acid in crowded rooms ; and the experience of 
civilised man is that it is not only odious but un- 
wholesome. When people speak of good ventilation 
they mean, without knowing it, air with less than '07 
per cent, of carbonic acid." 

Dr. Parkes gives the average amount of carbonic 
acid exhaled by an adult in the twenty-four hours as 
16 cubic feet, or a little over *6 cubic feet per hour. 

Dr. Wilson points out that when lights ai’e used, 
and the products of combustion are allowed to pass 
into a room, the supply of fresh air must be 
augmented in order to maintain the standard of 
purity. 

“ It is found that 1 cubic foot of coal gas destroys 


the oxygen of 8 cubic feet of air in combustion, and 
produces about 2 cubic feet of carbonic acid, besides 
other impurities. As a common gas burner bums 
about 8 cubic feet of gas per hour, the importance of 


having these deleterious products of combustion earned 
^^by special channels iriQ be readily admitted." 

' Taking *6 carbonic acid per 1000 volumes of mr as 

D *4 
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the standard of maximnni impurity, and *6 cubic feet 
of^carbonic acid exhaled per hour, and taking the 
initial carbonic acid contained in the atmosphere at 
the normal ratio of *4 per 1000 volumes, Dr. WUson 
says, "the quantity of &esh air which should be 
supplied is found by calculation to amount to 8000 
cubic feet per head per hour, in all cases where the 
diffusion of the contained air is uniform.” If, instead 
of *6, a lower standard of *7, *8, or *9 volume of 
carbonic acid per 1000 volumes of air be fixed upon, 
the amount of fresh air required would be propor- 
tionately less, of com'se ; — ^would be 2,000, 1,500, or 
1,200 cubic feet per head per hour. Actual experi- 
ments made at five o’clock in tlie morning at Alder- 
shott Comp show that in a room with a supply of 
1,200 cubic feet of fresh air i)er head per hour the 
carbonic acid was *855 per 1,000 volumes ; in another 
room with a supply of 1,700 cubic feet it was *759 per 
1,000 volumes ; and in a third room with a supply of 
about 765 cubic feet per head per hour it amounted 
to 1*2 per 1,000 volumes. 

The foregoing calculations and facts show tiie 
quantity of fresh air required to be admitted into 
rooms in order to prevent the quantity of carbonie 
acid gas increasing beyond a given standard ; but as ' 
soon as we come to apply the rule in practice the 
question of the capacity of the room comes in, with 
its many difficulties, and also the means of admitting 
the fresh air, for although we might cause the required 
quantity of fresh dir to pass through the room, yet itu 
velocity through small spaces would probably produce 
such draughts as would be intolerable* We fiud it te^ 
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be so in pi^aciice. When the only means of admittix^ 
fresh idr is> through the doors and windows, a person 
in a small room is exposed to draughts of air in almost 
any possible position, and we commonly find holes in 
walls stopped up to prevent these draughts — and not 
merely to keep the house warmer. It is the same 
whether the hole be under a door, a broken window- 
pane, or whether it be a puxposely-fixed ventilator; 
people will not leave them open. They would be glad 
enough to have fresh air if they could have it without 
draughts ; and I have known holes knocked through 
the back walls of houses by the tenants themselves, 
but stopped up again because of draught. To make 
the air of dwelling-houses fit to live in is one of the 
most impoiiant objects of a sanitary authority. 
Persons who are tolerably wealthy may accomplish 
this for themselves, but it is the necessities of the 
multitude that engage the attention of a sanitary 
authority. The ventilation of houses is as difficult as 
ever the sewage question was, and will require for its 
solution as much research as has been given to that 
question, and which must be accomplished by legisla- 
tion as efficient as that now in force and that which 
may follow on the sewage difficulty. 

Bad air is aerial sewage, and must be cleansed by 
>xidation before we can safely breathe it, as foul 
^ater must be before we can drink it. 

The sections of the Act which relate to this subject 
re the 91st, which declares ** any premises in such a 
tate as to be either a nuisance or injurious tohecdth 
> be a nuisance, and the 46th, which is as follows 
Wherei on the certificate of the Medical Officer of 
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Health, or of any two medical practitioners, it appears 
to ^y local authority that any house, or part thereof, 
is in such a filthy or unwholesome condition that the 
health of any person is affected or endangered thereby, 
or that the whitewashing, cleansing, or purifying of 
any house, or part tliereof, would tend to prevent or 
check infectious disease, the local authority shall give 
notice in writing to the owner or occupier of such 
house, or pait thereof, to wdiitewash, cleanse, or 
purify the same, as the case may require.” 



§ V.— DIRTY HOUSES. 

We do not find clean people in dirty liouscs, nor 
dirty people in clean houses. When we look into the 
causes of dirty houses we find that want of proper 
drainage for the house slops is one of the chief of 
them. A house must be considered to extend beyond 
the threshold of tlie door for at least some yards. 
Where, for some yards in front of th^ house-door, the 
surface of the ground is not paved, or so rouglily 
paved that liquids cannot run ofl; cleanly from it — 
that is one cause of a dirty house. The childi’en run 
in and out many times in a day ; and every person 
and animal of the household brings dirt into it con- 
tinually. The poor woman may try to rectify all this 
by scolding the children and kicking the dog, or may 
drive the children away altogetlier, for some hours at 
least, to find a better place to inln about in ; but it all 
ends in failure and bad temper, and the house becomes 
permanently dirty. Tlie dirt on the floor dries, and is 
kicked or blown about in dust, which settles on the 
furnitm-e and clothing, Uie walls and the ceiling, and 
is even carried upstairs. Bed-clothes are thrown on 
to the floor for want of other convenient place ; 
washing day would come very often if it were to come 
often enough to keep things clean ; and often withal 
there ia a want of water. But tlie strength of spirit 
and of body required to keep a clean house under 
these long^eontinued adverse circumstances dies out, 
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and tlic house falls gradually into a chronie state- 
of dirt. The husband becomes dissatisfied mth i^ 
and frith all in it, and the usual consequence of that 
is too well known to need to be mentioned; it ia 
enough to say that it is one of the circumstances 
his life which does not tend to maintain his health* * % 
Less money than the wife wants comes into^ thst! 
house because the rest has gone elsewhere. Children’s 
clothes become worn out until scarcely any re- 
main. She starres herself to feed her children, and 
even then insufficiently lor their health. Sickness 
comes into the house, mth its consequent expenses. 
A dirty household is under these circmnstances kept 
together as long as possible, but a frequent conse- 
quence is the necessity of paiish rehef, and tlie owners 


of house-property pay perhaps more money in on 
necessary poor-rates than would be necessary for al 
the expenses of drtunage. 

Dirty roads aio another cause of dirty hoiy||| 
and are uneconomical as well in tlie cost of 
tenance. Ill 


It is ruinous to a road to allow water to lo^^aj^ 
it. If the object were to grind down the i^ateiKkl^ 
means of wheels and horses’ feet we should am lp BIwB 
to them, and that is practically what 
when water lodges on a road. It is 4 
experience, after taking into account all ill|nM'w 
road-maintenance, that the cheapest materb^^M 
road surface are the best ih quality. is. 

tiie best material ; sandstone is weak j limeadbans is 


slippery • fiint is too brittle ; granite, of eerti#r qualh- 
ies, is a good material, but trap rook u better^ ik 
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hss ft property of toughness as well as hardness. 
The pebbles and boulders picked from agricultural 
land are good for the purpose, when broken and 
^made angular, so that the stones interlock with each 
other. It is necessary that there should be a good 
l^epth of stone — say ten or twelve niches — but it is 
not necessary that it should all be of the (juality which 
ijs suitable for the surface ; tlie lower half or two-thirds 
of the depth may be of inferior quality, such as sand- 
stone, for this part is to be regarded as the foun- 
dation only, and is never to be reached by the wheels 
(|of vehicles or by horses* feet. It should, however, be 
' broken to the same size as the top stone, or metalling, 
[^otherwise it will work up to the burf»\ce, and the size 
liould not be larger than would pass through a ling 
inches in diameter. Stone of two kindsp differing 
; hardness, should not be mixed together ; tho softer 
away before the otlier, and leaves on uneven 
but if placed altogether below the hard stone 
fes the purpose of supporting the better material, 
etds come properly within tlic category of sanitary 
Pust is certainly a nuisance, and mud is no 
both ' are sources of dirty houses. Even 
bhetary point of view, a good hard material 
^ metalling is economical; less dust and mud 
ed, because there is less wear. It is the 
ay of the materials in wet weather which 
^first mud then dust. The carting of 
dtities of piM material on to a road, and the 
large quanii&es of mud from it^ Oannot be 
Ana be it remembered that the removal 
mod takes place and must take place whether 



42 


SAKITABY WOBK. 


Inbonrertf be employed td scrape and sweep it up, 
and carts be employed to remove it, or whether it 
be left to be washed away in heavy rains into the 
drains, or, in lighter raihs, to be groundup and remain 
to be blown away by the next dry wind. To have 
it washed into the road drains is to have them choked ; 
then the road-labourers disturb the construction of 
the drains or culverts and clean out the deposit, and 
restore the construction in a very roi^h and inefficient 
manner, making stoppages all the more likely after- 
wards. So that the ground-up material is necessarily 
removed, either as mud or dust. Watering roads, 
too, is expensive work. The expense of all these is 
reduced by making the top metalling of roads with 
better material. 

Sir Henry Faimell, in his bo(5k on roads, gives the 
results of experiments on the force required to draw 
given weights over roads of various degrees of clean- 
liness, which show that for the same load the following 
vary different degrees of force are required for the 
draught. 

On a muddy gravel road • 32# 

On a clean gravel roat^ . . . . • . • 13 

On a muddy road which is made with good broken stone . 10 
On the same road covered with dost . • » • • 8 

On a well-made broken stone road in a elean dry state , « 5 

On a paved road 2 

In a paper contributed to the Institution of Civil 
Engineers by Sir Joseph Whitworth some years ago, 
on the advantages and economy of maintaining a h^h 
degree of cleanliness in roads and streets, it is si^ 
that it is a remarkable fact that the quantity of 
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temoved is not increased by frequent cleansing, but is 
indeed under some circumstances diminished* This 
can only be explained by the fact that very much less 
dirt is produced on roadways \hieh are kei)t properly 
cleansed, and that therefore they are preserved. This 
effect of improved cleanliness has been generally 
observed, and its cause is that when dirt is allowed to 
remain on the surface of a road it retains the water* * 
A curious illustration of the preservative effect of 
cleanliness of a roadway is ^afforded by tlie state of the 
crossings, where the roads are ‘‘macadamised’* or 
made with broken stone* The sweepers keep their 
crossings clean by constant sweeping ; but the road, 
instead of being, as might have been expected, worn 
away at the crossing, is often found higher and less worn 
^ than the adjoining parts. The saving of the material 
is no doubt the consequence of the greater dryness, 
and therefore hardness, of the clean pait of the road* 
In the discussion on this paper, Mr. P. H. Holland 
said that one of the best effects of clean streets was 
that the houses were more easily kept clean, and the 
effect of thip upon the l^abits and morals of the people 
was most important. If persons coUld not keep their 
houses clean with a reasonable amount of care and 
trouble, they soon gave up the attempt, and submitted 
to live in dirt. This domestic dirtiness caused 
domestic discomfiture, v^hich naturally led the husband 
to desert his own fireside for the public house* If, 
however, the streets were kept clean, it became com* 
paratively easy to keep the houses so* He had 
ftequont opportunities of watching the effect of im* 
in this respect, and it invariably followed 
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that there had been a marked improvement in the 
habits and morals as well as in the health of the 
people. 

The condition of puftic roads is of great import** 
ance in another respect. How shall we call upon 
persons in their private capacity as householders to 
keep their houses clean when the public authority 
make it almost impossible to do so by neglecting the 
, condition of the streets and roads ? It is one of the 
gravest questions which a sanitary authority can enter- 
tain, whether they do not themselves contiibute to the 
dhty condition in which we find the houses of poor 
people. And as to the question: Which are public 
roads ? it ought not to arise, for all roads which are 
used by the public ought to belong to the pubUc 
authority. It is of frequent occurrence that roads, 
originally private ground, are thrown open to the use'" 
of the public without having been first properly made 
by their owners, and when the public authority is 
asked to take to these roads and keep them in repair 
they very properly object to do so until they have been 
put into a proper state of repair by the original owners ; 
but the public having used these roads— in some cases 
for many years— the original owners say the road is no 
longer private, and is now public ground. These con- 
tentions cause much difficulty, and are usurious to all 
parties concerned. The course of proceeding should 
be that when a road not properly made is thrown open 
to the public by the owner of adjoining property for 
the convenience of the tenants, public autfaoii^ 
should bar the road to carriage traffic until it ehii% 
have been properly nciade, and then take to it as 
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public road. By aUowing it to be used by the public 
before it is properly formed, the public authority create 
a difficulty for themselves, but by placing a bar across 
one end, upon the public road*with which it communi- 
cates, the owner of the private road sees that it is his 
^interest to make the road properly at once. But as a 
practical remedy for fonner laches on both sides it seems 
proper and just that all such roads now existing should 
be put in order *with the assistance of the sanitary 
authority, and that in future a better system of proce- 
dure should be adopted ; for, besides the necessities of 
roadways in such cases, it is frequently a present 
necessity of the sanitary authority that sewers be laid 
in such roads. 



§ VI.— DAMPNESS OF HOUSES. 

It is unnecessary to describe the many evil effects 
of dampness of the floors upon which, and the walls 
against which, people lodge. The chief cause of 
dampness of houses is the want of proper eaves- 
troughs and spouting to the roofs, and where the pre- 
caution has not been taken, in building the house, to 
lay a damp-proof course, the evil effects are excessive. 
When there are eaves-troughs at all they are in many 
cases so nan’ow that either the rain-water of the 
slighter showers falls short of them, or that of the 
heavier showers overleaps them at their lower ends 
and for some distance upwards. They are in many 
cases no more than 8 in. in width. They should be 
5 in. The edges of the trough should be fixed at the 
upper end level with the edge of the eaves, and#in 
inch or so udthin that edge aU along the trough, so as 
to catch the Slighter showers which drop sheer down. 
It is chiefly towards the lower end of the trough 
where the water runs over the edges, and besides being 
caused by tlie trough being too narrpw in many cases, 
another, and a frequent cause, is the want of hopper** 
heads to the down pipes. We see a small hole cut in the 
bottom of the eaves-trougb, and the down-^pipe joined 
immediately to the trough. The mouth of tlm pipe 
too small to admit the quantity of water due to 
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capacity of the pipe itself. The full quantity of water 
that a pipe of given size is capable of conveying cannot 
entyr it through a mouth of its own diameter merely, 
and it is necessary to enlarge the mouth of the pipe. 
This is done in the case of eaves-troughs by a separate 
wider piece, called a hopper-head. But where there 
are no eaves troughs at all we may see by a rough cal- 
culation how much water is poured down at the foot of 
a house-wall. If we take each slope of the roof of an 
average house to be 180 square ft., a rainfall of one- 
third of on inch in an hour amounts to more than thirty 
gallons in that time, poured down along the foot of the 
wall. And it should be noticed that the surface of the 
ground about house walls in rural districts is usually 
not so evenly flagged, or otherwise paved, as it is in 
towns, and therefore that the water docs not so quickly 
run off, but lodges about the foundations to a much 
greater .extent, and is absorbed by tlie walls and given 
off inside the house in vapour. This is especially so 
with stone walls. In hilly districts we sometimes find 
the surface of the ground dt the back of a house 
several feet above the floor level, and no space left 
between the wall and the earth. Water falling from 
the i^f in such a case makes the house' unfit to live in. 
BVeryt^g put against or near the wall soon becomes 
mouldy, and it is first dragged further away, but for 
%aui of sufficient room it is soon put back again, and 
tjie consequence is iffiat rheumatism and other diseases 
iake'^ld of the inhabitants, and illness and inability 

rmedy in a case of this kind is to cut domi 
kpd leave a dear space of a yard 
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or SO t)etween the wall and the earth. One foot below 
the floor level is a suiBcient depth generally* It is 
easy to see how such cases have arisen ; the retaining 
wall necessary to be built to keep up the ear& has 
been made use of as the back wall of the house. 



§ VII.— STORAGE OF RAIN-WATER FROM 
HOUSE-ROOFS. 

The rain-water falling upon the roofs of most houses 
considerable size is caught and stored for use, 
aereby avoiding, to some extent, dampness of the 
)undations and other inconveniences. It is in the 
mailer houses we find this provision mostly neglected, 
easuremeuts of the areas of some thousands of 
ouse-roofs show an average roof area of about 360 
juare feet per house. An average rainfall of 30 
aches per annum is not unusual, and if we reduce 
is to 24 inches we could probably collect most of 
at in tanks, for upon so steep a surface nearly all 
onld run off; but allowing 6 inches in depth for 
vaporation, there would be left 18 inches in depth 
mailable for storage, which would amount to 540 cubic 
jet, or 3376 gallons in the year, which would yield a 
aily average supply of 9*gallons to the house. If all 
le rain-water is to be stored and used gradually and 
^uably day by day, the capacity of the tank should 
6 from about 1000 gallons in the western counties 
^out 2000 gallons in the eastern counties, but the 
of storage capacity applicable to water-works 
aservoirs do not apply in this case, because, in smaM 
ouseSi i^^ is impossible to limit the quantity daily 
of the tank (although that is qpite practi- 
in f&e ease of a inansion), and if the proper 
disHy quan6.fy be exceeded it throws out any 
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calculatioii whieb xai^t ba ' made on the basis of a 
given daily quantity to be used. If the tank be made 
to hold 1000 gallons, it will be of reasonably sufficient 
si^e for one house, and this would be contained in a 
space 6 ft. square and 4J ft. deep, or in one 6 ft. 
square and ft. deep. But, perhaps, the cheapest 
tank that can be made is a well. A circular well may 
be sunk, 6 ft. diameter, to a depth of 16 ft., and if the 
ground be a stiff retentive clay to that depth, a trial 
hole should be dug in the bottom to the .depth bf a 
foot or 18 inches to ascertain that the clay continues 
to a sufficient depth below the bottom of the well, the 
hole being carefully filled in again with puddled day. 
The well may then be lined with half-brickwork in 
^ hydraulic lime mortar, leaving a clear diameter of 4 ft. 
3 in. If the bricks be laid dry the water will pass 
through the joints to the clay at the back and dissolve 
it, and part of it will be washed into the well as the 
water-surface lowers ; and if the mortar be made oi 
other than hydraulic lime it will be dissolved^ Where 
the ground is porous this lining could not be depended 
upon to be sufficiently water-tight. In that case the 
brick lining should be of radiated bricks, with close 
vertical joints, and backed with puddled clay,, 9^r8 
inches in thickness. Instead of clay a common kind qi 
asphalt may be used, composed of gas tar and anj 
non-porous dry material screened through i in, 
meshes, and worked in the manner already described 
for dry cesspits (see § III.), jboth floor and bacddn| 
of walls. The thickness of this need not be more th^ 
an inchj, but care should be taken that it is not .Iqiig 
in any part than ^ m mch. In this case the 
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well bricks should also be laid with hydraulic mortar 
or with cement. 

Another method is to use no bricks at all, but to 
render the sides of the excavation with Portland ce- 
ment in three coats, the full thickness of the cement 
\)eiOg not less than an inch. In this case it is very 
^iecessary that the sides be trimmed down to an exact 
bircte. It has been objected to this method that the 
^ound water may rise outside the tank above the level 
bf the water* within it, and, by its hydrostatic pressure, 
burst off the cement lining. This would probably be 
io if care were not taken to make the excavation cir- 
cular ; but that being done, and there being neces- 
|arily an equal external pressure all round the well, 
le cement ring would be put under a compression 
^t greater, in all probability, than it could withstand, 
it be desired to have a brick lining, and to coat the 
[ee of that with cement, the bricks should be laid dry> 
prevent settlement of mortar joints. 

A well of the small diameter above stated may 
sily be covered with stone flags, or cast-iron plates, 
it may.be domed over. It is necessary to leave an 
rir-hole in the cover, and to protect it with a hood so 
^at it cannot be reached for mischief, 
f’^ig. 17 shows a section and Fig. 18 a plan of a rain- 
npteir tank of this kind. The leaves and other things 
^ch are brought down by the rain-water from the 
Lves troughs should be intercepted before they reach 
p Well. This is done by placing a copper wire gauze 
Ucross a small receptacle in which the deposit 
place, aud from Whioliit is removed from time to . 
totod tho'gai;^ 




STOBASS OF KAIN^WiTBB. Sd 

The cost of a rain-water tank, made in the first- 
mentioned manner, will probably be about £7 0 0 

In the second 8 0 0 

, In the third 8 0 0 

In the fourth . . . ..800 

in each case including the pump and all, complete. 

If we suppose the tank and pump to last, with a 
full allowance for repairs, only'SO years, there- would 
be procured ifi that time 100,000 gallons of water. If' 
we take the first cost at £6, and ^ow 2 per cent, per 
'annum for repairs, or 2s. 6d. every year during the 30 
rears, and add 8d. for redemption in 80 years at 5 per 
ent., and capitalise that combined annual payment at 
per cent., we shall add 55s. to the £6, making £8 15s., 
r say £9, For this sum, including prospective ex- 
mses for 30 years, a quantity of 100,000 and odd 
idlons of water would be procured, being at the rate 
about Is. 9d. per 1000 gallons, or 48 gallons for a 
Pimy. 

[If the first cost of the tank and pump be £8, and 
eluding the same percentage for repairs, &c., there 
Would be procured 86 gallons for a penny. "When we 
consider that when the luin-water is not stored for 
iOM in a locality where water is scarce and has to be 
:^|ohed from long distances, or, if not actually fetched 
^ the inhabitants, paid for at the rate of 4 or 6 gal- 
lons for Id., which is not an uncommon thing, the 
Mvantage of storing the rain-water of house-roofs- is 
pafEknently apparent^ 

' ISicept for the expense, it is advantageous to catch 
^ i^f- water before it descends to the ground, so 
iit fi^m an devated tank a nine may be laid into the 
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house. This also affords facility for filteriug the 
water. When the ground-water contains certain nu- 
neral properties^ some persons find it disagree with 
their health, and are glad to drink ^filtered rain-water. 
The ordinary sand-filter, such as is in use on the 
large scale, cannot well be adapted to filtration on the 
small scale of the necessities of one small house. The' 
area of a filter-bed is *usually on the scale of about 
one-third of a square foot per head of the population, 
but we cannot make a filter for one house on the same 
scale, unless it be a mansion, or large house. In a 
general filter-bed the action is continuous, minute by 
minute, although the water is suddenly drawn from the 
mains in quantities of several gallons at intervals of an 
hour or two, taking house by house tliroughout a dis- 
trict. It is this intermittent action which makes the 
difference between the two cases. A general filter, bed 
yields about 76 gallons of water in 24 hours per 
Square foot of its area, but for the reasons stated wa 
cannot reckon the size of a sand filter for one hoi 
on that scale. We frequently require to draw four 
five gallons, or more, in a minute, and to obtain th; 
quantity through a sand filter at the ordinary sj^ed 
descent would require a much larger area t|ian wp' 
be practicable or convenient. / 

The purification of water passing through any filtejT' 
bed takes place by reason of two separate action^ 
it, first hy straining out of it the solid matter in fus** 
pension, and secondly by bringing the oxygen (y£ ike 
atmosphere to act upon it so as to change any decajji^Dg 
organic znatter which it niay contain in solution 
inorganic and harmless did}stance6. The best filte: 
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mediuia, therefore, is that which at once excludes from 
its pores suspended solid particles and exposes the 
dissolved organic matter to the largest possible amount 
of atmospheric air. . Fine sand, by reason of its hea- 
viness, lies too compactly in its body to comply with 
the latter requirement, while in its surface it is too 
porous to exclude all suspended matter. On the large 
scale this is of no practical inconvenience, because, 
although the solid matter may not be altogether 
arrested on the surface, but may penetrate the sand to 
the .depth of an inch or two, it is easily removed by a 
regular attention, but the case of a small household 
filter is quite different; here no such regular attention 
is given, or could practically be given, to remove the 
solid material and replace it from time to time with 
fresh material. Some substance, ' therefore, must be 
used which is closer in. its texture on the surface and 
more open in its body than a sand-bed is. Charcoal 
is a very porous substance, but the difficulty is to make 
the water pass through the pores ; for when the char- 
coal is in the form of lumps, however small, the water 
passes through amongst the interstices of the lumps or 
^granules, and not through their pores, thus coating 
the surface of each lump or granule with the impurities 
of the water, and for a time, therefore, depriving the 
pater of them, but afterwards allowing it to pass 
t&^iigh unpurified, and even, after further use^ giving 
blF to it part of the accumulated impurities of the 
water which had previously passed through. This 
fi^und to be the result of passipg water through a 
i^cl^ess of five inches of animal charcoal of a degree 
If flttehess timilar to that usod ia sugar refineries, 
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aecording to a paper read at the Institution of Civil 
Engineers^ in 1867, by Mr. Edward Byrne. The ex-^ 
periments Mr.. Byrne made were not considered con<* 
elusive of the case, for there seemed to have been some, 
peculiar property in the water ; but, however that may 
have been, the experiments certainly did show that, 
after a certain quantity of water had passed through 
the filter, the remainder was in worse condition after 
than before it passed through. 

In the discussion of this paper, Dr. Letheby saift 
that a cubic foot of animal charcoal, weighing from 
50 to 52 lbs., held within its pores four gallons of 


water, and that he had found by experiment that 
was necessary that the water, to be purified, shoulij^ 
remain in contact with the charcoal for at least onej 
minute. In Mr. Byrne’s experiments the time ha<fi 
been two and a half minutes. It was stated ttiu 
rate pf filtration through the filters of the Water 
fying Company is 400 gallons a day, through a 
containing 80 lbs. of charcoal. 

Dr. Frankland said he had passed some of t&HjHH 
don water through a stratum of animal charcoau|H||| 
feet thick, at the rate of more than 41,000 gallJHBH 
square foot in 24 hours, under a head of 
charcoal was in granules, like coarse sawd9li||pi^« 
the above-named instance more than oiie^hpH 
organic matter in the water was rem^ed ; 
cing the rate of passage of the water to cme^lSL^, 
fourth, or one-tenth, the proportion r^oved 
scarcely increased. It appeared^ &om experiinen^i 
that wcM>d jQT other vegetable charcoal ia ihert 
actipn on organic matter in watef « 
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Animal charcoal appears to have been applied to 
the filtration of water with some success by Mr. Atkins, 
of Fleet Street. The charcoal is reduced to powder 
^and mixed with powdered vegetable and combustible 
matter ; and the combined powder is mixed with liquid 
pitch, and the mixture worked up and moulded into 
plates or blocks of any form. By thus moulding the 
charcoal into blocks, it is at once put into a convenient 
and portable form ; and the mud arrested on the sur- 
face is scraped off, after the plate, or frame of plates, 
or the block, has been removed from the water. For 
continuous use, a duplicate set is required ; as, indeed, 
is the case in any method of filtration. It would 
peem, however, that extreme care should be taken in 
OLxing the plates in the grooves, to prevent the water 
,|[assing through the joint between them. If they were 
be permanently fixed, the joint might be easily 
Scented ; but, with a moveable plate, we should anti- 
W^jbe leakage of unfiltered water between the plate or 
of plates and the sides of the filter. 

^p§|||kn, however, as indeed often happens, a mansion 
a||||k house is without^a sufficient supply of water, 
JiP^Wltseful quantity may be obtained from the roofs. 
mIpflMfearger roof-area, in proportion to the number 
parjMP living under it, exists in such cases as this 
^j^HjlHaidl houses. If we take a large number of small 
vMil? find the average Humber of persons per 
house to be, say, five, and we find the average roof-area 
to be, say, 860 square feet, or it may be in some cases 
the average is 400 square feet, or 80 square feet 

S ir head of population ; but, in the case of a mansion, 
q comparative roof^area is much lai^er, even when 
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Fig. 19. 
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the visitors are included. It is often as much as 200 
square feet for each person; and, tsJdng 18 inches 
las the available depth of rain-vrat<ir in an average ye^ir, 
the quantity would he 1876 gallons per head in the 
year, or, when regulated, 86 gallons per head per 
week. It is bettei', in this case, to reckon the quantity 
per week ; because, in order to regulate the quantity, 
a service cistern must be constructed, to be fiUed by, 
say, the chief servant of the household periodically. 
*^11 the quantity used duiing a week were equable, day 
■by day, it would be sufficient to make a small cistern 
to hold, one day’s supply, and that it should be Ailed 
' from' the storage tank once a day ; but, as on some days 
of the week much more water is used than on others, 
it is better to make the semce-cisteru to hold a week’s 
supply. 'Without some regulation of this kind, tliere 
would be no certainty of the storage lasting over a 
drought ; and it is because this regulation cannot be 
practically and generally maintained in small houses, 
that., the rule of storage capacity of reservoirs cannot 
be applied; 'When tlie water can be regulated, say 
we^y, the capacity of the storage tank may be 120 
dayft’^(average) supply, in* the western counties ; and 
.may vary from that capacity to fWice as much in the 
eastenf counties. 



§ VIII.— CONTAMINATION OF WELL^ 
WATEE. 

Thu sources o/ contamination of well-water are:“ 
(1), privy cesspools which are not water-tight, and 
froila ‘which rain-water is not excluded ; (2), soakage 
of the top-water into the ground and thence into the 
wells, conveying with it refuse .matter from the surface j 
(3), house-drains which lie near the well, and which 
allow the house-slops to percolate through the joints 
into the surrounding ground, from which they grad- 
ually soak into the well; and (4), unless the drain 
consists of pipes closely jointed, rats are a frequent 
cause of contamination of wells near which housh- 
drains lie ; for rats seem to have a peculiar instinct in 
finding their way through the ground direct to water, 
and, although the water in the well may be out of thefr 
reach, it is possible that in their efforts to reach it 
some of them drop in ; but, even if that should not be ^ 
so, refuse liquids may find their way through the hol^ 
they inake from the drain to the well. ^ 

There are three kinds of wells : — (1), pump-well^ 

■ (2), draw-wells, and (8), dipping-wells, and the above-- 
named forms of contamination are common to tbe& 
all; but a draw-well is liable to contamination ^ 
another kind. The cover is necessarily moveable, . 
is usually on the same level as the surface of 
aground. The cover is often left tp€^,'. ahd 
animals, such as dogs, cats, and rats, spm^timeii ;^| 
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m ; and, the occurrence being unknown, the animals 
decay 0iere and contaminate the water, the cause of 
the cotueie^uent illness of the persons who drink the 
water being probably undiscovered. 

Unless wells be provided with pumps, the rim or 
edge-oiirbing should be raised above the surface of the 
ground, and a step or two- made for personate ascend 
to draw the water. 


Dipping-wells are also subject to contamination 
from other sources. The cans, buckets, and paUs 
used are set down in dirty places about the house, and 
the dirt is carried to the well and washed oif in the act 
of dipping. Also, every- time anything is dipped into 
the water, it is stirred up and muddied for the next 
person who comes. Another source of poDution of an 
open well-hole is the mischief of children, and where 
the situation is public this cannot be prevented. A 
dipping- well the water of which is used for domestic 
purposes, ought not to be allowed to exist. Every 
opening should be completcjly closed, except one for 
ventilation, which should be protected by a hood, so 
that it cannot be reached, and another for the over- 
flow of water, which should likewise be shielded ; and 
tile water should be procured by means of a pump. 
These dipping-wells are weak springs, and as the over- 
iflow of water may probably be frequent, a cattle-trough 
may be so placed as to receive the overflow : in public 


places this is of great use. The pump should he 
wjb^Uy enclosed within the well, and a horizontal shaft 


^^I^Spindle should traverse the well from wall to wall, 
|i^^ing upon it an arm to work the pump-bucket, 
end precepting through the wsd]^ upon 



62 


SANITABT WOEK^ 


which is fitted a simple lever or handle^ 18 inches 
or so in length. Being whoUy enclosed or bricked up, 
the pump barrel should be lined with brass or gun 
metal, and truly bored out, and, indeed, well and truly 
fitted in every respect, so as to prevent the need of 
frequent repairs, which is a too common need of many 
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9ix)t olevationi a plan*^6f such an enclosed pump^ the 
hand£^ alone being outside the brickwork. Under the 
»pout isva dog-trough, 24 in. x 12 in. x 4 in.,, across 
the middle of which are two iron bars, upon which the 
bucket or pail is set. At one end of the trough there, 
LS a lip, an inch below the edges of the trough, over 
which the surplus water flows into the drain, through' 
a small grating. The pump, and the shoot or spout, 
are of cast-iron ; the working barrel lined with brass, 
and the foot-valve is also of brass. It is important 
thi^ this valve should be well fitted, because of the 
small head of water upon it to keep it tight. Two lugs 
are cast upon the pump barrel, oiie near the top and 
the other near the bottom, which are bolted to two 
cross pieces of wood, built into the brickwork, to hold 
the pump steady. 

These pumps are made at a cost of about 50a. each, 
and the rest pf the work costs about the same. As to 
the trough, it should be a shallow one, to hold about 8 
or 4 inches depth of water only, for if it be made deep 
enough to dip into, the children who are sent for water 
fior the household — and it is children mostly who fetch 
the water under the circumstances How under consi- 
deration — would fill their pails with the contaminated 
water of the trough, after the weU- water is exhausted^ 
which is a very common occurrence in dry weather. 

Weak springs, as many of these are, although ihe 
^ater may be of good quality, yield but a very in- 
adequate quantity for the number of persons resorting 
to, ihem^ While they remain open dipping-places, 
who come to fetch water, and see the depth 
i^t]#cient, to dip into, wait (sometimes for a long time) 
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until they can dip their pail or oilier yesi^) hut when 
the water is boxed in and a pump fixed, 
the supply of wuter quickly, and are ;tp<> „apt to say 
that the new pump is no benefit to themV^br that they 
would rather have the old dipping hole again. But as 
this . arises from thoughtlessness, time will probably 
convince them that they had better have of good 
quality what water the well-hole yields than have it 
polluted. 

It is more diflScult to arrange a proper water-supply 
in a rural district than in a town. Bural sanitn^ 
districts contain many aggregations of population of 
2,000, 8,000, and 5,000 ; and it is these places which 
are the most difficult to deal with in respect of the 
water-supply. Take, for instance, one parish of, say 
4,000 population, in a dozen parishes constituting the 
Bural Sanitary District of, say 20,000 or 80,000 popula- . 
tion, living on about as many acres of ground : tliree- ■ 
fourths of the population of the parish may be con-r 
gregated on 100 acres, the other thousand being dis- 
tributed in something like the following manner rlOO 
at A, 200 at B, 800 at C, and 400 at D. Now, leaving 
out of the question how three-fourths of the popufa- 
tion of the parish may be supplied, those designated 
A, B, C, and D, will probably all procure water, for 
domestic purposes from sources liable to contauiin- 
atic!^ from passing persons and animals, whether , ac? 
cidental or wilful* But supposipg a satisfa^ry water- 
supply to |e^arj!ailKe4 for main portion (ss^f^ th# 
8,000) of it ^i44.P*’<>bably nbt 

the current water-rat^, tp^iaapply the smatt 
places~the other fou^ ; , although, living 
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fsme district, they may very properly say they 

have the right to be supplied eqnalty with ^ose who 
live more centrally in ^e same ^bict, providing they 
are willing to pay the current water-rate on the* value 
of the house. But if the sanitary authority must 
include these outside people, the water-rate upon 
(those more centrally situated must be increased, so 
that an average rate may be struck for the whole dis- 
trict. It is therefore advisable to protect and render 
as useM as possible all the small sources of water in 
the outlying parts, so that the inhabitants may procure, 
in a tolerably pure state, whatever quantity these small 
sources yield. 

There is little or no doubt that the average rate of 
mortality of some of the Sub-districts of Eegistratiou 
is unduly swelled by excessive mortality in small out- 
lying places, and that if these could be kept within the 
average of the district that average would be consider- 
ably less than it is now ; and who knows how fitr the 
unwholesome water of these outlying places con- 
tributes to swell the bill ? 

The section of the Act^which relates to this subject 
is the 70th, as follows On the representation of 
any person to any local authority that within their 
district the water in any well, tank, or cistern, public 
or private, er supplied from any public pump, and 
{used or likely to be used by man for drinkin^Sor 
^domestic Miposes, or for manuiheturing drinks for 
the'use ofman, is so polluted as to be usurious to 
hetdth, such authority mny apply to a court of snm- 
liiaiiy Jurisdiction for an Mrder to remedy the same; 
andthsreupon such court shfdl summon the owner 
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occupier of the premises to which the well, tank, or 
cistern belongs, if it be priyate, or in ^e case of a 
public well, tank, cistern or pump, any person alleged 
in the application to be interested in ths some ; and 
may either dismiss the application or may mak6 an 
order directing the well, tank, cistern, or pump, tp be 
permanently or temporarily closed, or the water to be 
used for certain purposes only, or such other order as 
may seem to them to be requisite to prevent injury to 
the hedth of persons drinking the water.” 

The court may order the water to be analysed, and 
if the person on whom an order is made fails to com- 
ply with the same, the court may, on the application 
of the local authority, authorise them to do whatever 
may be necessary in the execution of the order, and 
expenses, may be recovered from the person on whom 
the order is made. . 
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SANITARY WORK 

IN 

THE SMALLER TOWNS AND IN VILLAGESU 


PART 11. 

BRAZNAGE. 


§ rx.— HOUSE-DRAINS AND SEWERS. 

D^nition . — ^Drains and Sewers are sometimes 
spoken of indiscriminately, but it is necessary, for 
convenience sake, to make a distinction. Again, 
bouse-drains and land-drains are distinct in their 
fvinctions, the one draining surface-water and the 
other ground-water. We define a house-drain tq 
be a channel (whether ppen or covered) which con- 
veys away from a house, or from a few houses, 
the refuse hquids, together with such solid matter 
as may be in' suspension and solution in them; 
and a sewer to be^a channel (whether opeh or 
eovj^ed) which receives the contents of two ox mote 
house-drains ; a main sewer, one which receives the 
contents of two or more other (subsidiary) seWers; 
ahd'ktrui^ or bpt&U sewer, one which receives ^ 
Counts of all other sewers bdonging to the same 



70 


SAN1TAB7 WOBE. 


Sewers may act as lan^ drams. — A. sewer nuqr^ 
by constructing it in a certain manner, be lQa4e 
to admit ground-water; and, in argnment whether 
a sewer should be made to remove the wetness of 
ground through which it may be laid, the subject 
may be argued on the nnderstandmg that a sewer, 
made in a certain manner, will act as a drain, wliile, if 
made in a certain other manner, it will be impervious, 
and therefore not a drain-sewer. It is a question to 
be determined rather by the doctor than by the en- 
gineer whether the dampness of ground under and near 
dwelling-houses should be removed: if so, the only 
question for the consideration of the engineer is how 
far the drainage of the gromid may assume the form of 
a run of water sufficiently quick to cany with it fine , 
particles of earth or sand into the sewer, and so induce^ 
a settlement of the ground and consequent danger to 
the stability of buildings. In merely damp gi’onnd 
this would not occur, and it is in this kind of ground 
where the method seems most beneficial. 

'When the sewage (sewage being that which fiolfl 
through drains and sewers, whatever it may consist Ow 
of several houses belonging to different owners V 
brought into one drain, before it enters a sewer, tijfl 
drain is a main drain, as when, by agreement betwfn 
owners of adjoining houses, one drain, laid along tll|| 
backs of their respective houses, drains them all befoinr 
^t debouches at the lowermost into a sewer. 

Another method of distinction is that drains are 
those diannels which belong to houses as prints 
propoHy, withbnt refere&ee to the numbcar of honste 
drained by eadi, and that sSwers axe sudr duinn^ as 
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iK^oug to the public. Practically, the results of the 
two Diethods coincide in most cases. 

Old ^ater-coureea. — ^In Bural Sanitaiy Districts 
peq[>lexing questions arise as to whose duty it is 
to repair, alter, or amend certain watercourses into 
which house-sewage and road-water have been turned 
&om time to time, and which he through private 
lands. These were origincdly, no doubt, the natural 
•Outlets of the i*ainfall, and, as such, belonged to 
^ihe owners of the adjoining land, each one having 
the use of it as far as his land extended, and being 
responsible for its condition. So long as that 
which came into such a water-course was rain-water 
only, all that was necessary was to provide for its 
^passage, without reference to the form of the channel ; 
^but when houses have been built within the watershed 
of such a channel, the sewage has been horn time to 
^time turned into it by house-owners who have had no 
original rights in the land adjoining it. This has 
^me about in the following manner Roads have 
Hnn formed in a direction across this original water- 
Hprse, the road ditche§ havings their outlet into it. 
Bpuses have been built adjoining the road. The open 
Hmes having been found to be inconvenient, a culvert 
HK been laid to carry off ,the road-water, and the 
Iplehes have been filled up. This has been done 
e^er in whole by the parish vestry or in parts by the 
iiouse-owners as far as their respective frontages have 
eittended, the parish authority completing the culvert 
in 0;ther parts. Then, from time to time, the house- 
B4^Wage has been turned into these culverts, 'and so the 
iiSein watercourse has become an open sew^, used b;^ 
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the pubEc ; but its fona is such that the sewage lodges 
in it and becomes a nuisance. Presentlj the sanitacy 
authority is appointed, and it is desired that the 
nuisance shall be done away with. The question then 
arises — Is this a public sewer ? for if so, the sanitaiy 
authority ought to amend its form so that the sewage 
may be properly carried off. 

The usual remedy, and an effectual one, for a case 
of this kind, is to lay an mtercepting sewer for the 
house-sewage, taking it along such pubEo roads as 
may be practicable and convenient, and through pri- 
vate lands where it may be necessary, under the 
powers of the Act. It is one of the principles of 
sewerage that natural watercourses should not be 
converted into sewers, but should be left to perform 
their proper function of carrying off rain-water, and 
especially storm-waters. Such an intercepting sewer 
is, of course, laid by the sanitary authority. 

There are cases, however, where the area of ground 
naturally draining into a watercourse of tliis ^d is 
small, wliich may be treated as exceptions to the 
rule, and where such a watercourse may be continpied 
to be used as a main sewer, either covered or open, or 
covered in some ports of its coiuse and open in oth^. 

' In such a case, where the ground is very steep, and 
. where floods have formerly torn up the bottom of the 
old water-course and hrought down the sides, but 
where, nevertheless, there would have been great difli- 
culty in carrying the sewage in another direction by an 
intercepting sewer, 1 have deemed it advisalfle tq ifllow 
the old watercourse to continue to be used as a sewur*- 
To prevent sewage lodging in the rough bottom of tha 
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old watercourse, I haye laid in a brick invert, on con- 
fute, as shown in figs. 28 and 24. To check the too 
great rush of water in flood times I have formed the 
bottom in steps, as shown. 

. In steep ground, such as this, a covered sewer is 
almost like a flue, up which the gases ascend rapidly 
firom the lower levels, and blow out at any opening 
there may be, and in this case the lower end of the 
sewer is covered, and is in communication with other 
sewers at lower levels, so that in the part now under 
notice, and where it was not absolutely necessary to 


Fig. 23. 
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cover it, it has been left wholly open, thereby break- 
ing the connection of the covered sewers at the lower 
levels with those at the higher levels. 

Home drains everywhere necessary , — The necessi- 
ties of urban and rural sanitary districts are different 
in dagree but not in kind, and it is the degree that* 
is the important thing to be considered in eoch. 
notd sanitary district, according to the density of 
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population and other circumstances. This question 
of degree, however, applies to works of combination, 
such as sewers, and not to individual works, soch 
as house drains. Every house in a rural sanitary 
district requires a drain to cany off the house-slops, 
as well as every house in a town; but the sewage 
may in some cases be satisfactorily disposed of without 
any system of sewers, wheie the houses ore widely 
separated from each other. 

Properties of a seteage flow . — The properties of a 
sewage flow are (1) its viscidity ; (2) its velocity, which 
depends upon two subsidiary properties, viz., the 
hydraulic mean depth of the stream and its inclina- 
tion ; and (8) the scouring action of the stream upon 
the bottom of the channel. 

In respect of the first of these we may take it to 
be |ihe same as that of water. 

In respect of the second property, if the cross 
sectional area of a stream be divided by the width < 
of its cross section, measured along its bed, the result 
is the hydraulic mean depth ; and the greater tbii| . 
depth the greater is tlie velocity, if the inclination 
remains the same. 

Velocity of a sewage flaw . — The flow of a liquid is 
influenced by the friction between it and the channsl 
through which it runs, and it is retarded, more or 
less, accordingly as the extent of the surfeuse of %ie 
ohannel with which it flows in contact is great or 
small, in relation to the quantity of liquid flowing 
through the channel. The quantity of liquid dte>- 
charged by any channel of given size, as a p^ 
given diameter, is the result of the sectional axssa' 
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of the stream multiplied into its velocity. It is de- 
sirable that the velocity of the sewage shoidd be 
considerable. In circular pipes the least extent of 
surface is offered, in relation to the quantity dis- 
charged, and therefore the least obstruction to the 
flow of sewage, when the sewage half fills the pipe, 
in all cases within the limits of practice. 

deposit.— The third property is necessary to be 
considered so that stoppages of the sewer or drain may 
not take place from the accumulation of solid matter. 
In Beardmore’s ** Hydraulic Tables *’ it is stated that 

30 feet per minute will not disturb clay with sand and stones. 


40 

>> 

will bweep along coarse sand. 

60 

ff 

,, fine gravel. 

120 


„ sounded pebbles. 

180 


,f angular stones. 


These, except the first, coincide with Du Buat’s 
experiments. 

* In Bankine’s Manual of Civil Engineering ” are 
stated, not the velocities which will move solid matter 
along, but the greatest velocities of the current close 
to the bed consistent with its stability ; thus — 

Soft clay 0*25 feet x^r second. 

Pmesand 0*50 „ 

Coarse sand and gravel as largb as peas • 0*70 „ 

Gravel as large as French beans . . 1*00 „ 

■J^Tel 1 inch diameter . . .2*25 ,, 

Pebbles li inch diameter . . . 3*33 „ 

fii^vy shingle 4*00 „ 


gives the following in the third edition of 
Is '* Hydraulic Tables* CO'efficienta, and Formulee*” 
sMnt|^ issued by tiie publishers of this work. 
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Speaking of rivera, he says (p. 258), “The mean 
velocity most not be too quick, and should he so deters 
mined as to suit the tenacity and resistance of the 
channel, otherwise the bed and bonks will change 
continually, unless ariiheially protected ; it should not 
exceed 

25 feet per minute in soft alluvial deposits. 


40 


clayey beds. 

60 

)» 

sandy and silty beds. 

120 


gravelly. 

ISO 


strong gravelly shingle. 

240 

99 

shingly.” 


Although in the regimen of livers it is an object to 
restrict the velocity so that the materials of the bed 
may not be worn away, and in sewers it is an object 
to increase the velocity so that deposit shall be C{^ed 
away, still a useful comparison may be made between ' 
this table and the others herein given. 

Mr. Wicksteed made some experiments with a 
channel having a semicircular bottom (!pu Buat had 
operated on a channel sometimes rectangular and 
sometimes trapezoidal, whose greatest breadth was 
18in., and depth hrom 3 to 9 in.), and he founds that 
with a bottom velocity of 12^ in. per second, coarse 
sand,' small pebbles, and rounded stones, and pieces of 
brick 2 in. diameter, were carried along, the larger 
ones moying rapidly and stirring up the sand and 
small stones, which moved slowly. With a velo^itgr of 
21f inches per second iron borings, together with all) 
the previous substances, and pieces of brick din. 
across, were carried {dong. In these expeximenta the 
fall of the surface of the water and the bottooi, of i&6 
channel were the same, viz., 1 in 189. 
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:/jS^NBiiinents were then made with a levet bottom, 
tnd - E sufficient supply of water admitted into the 
ffianEel to produce a surface velocity of S2|in. per 
Mcond, which would indicate a bottom velocity of 
about 20 in., or, according to' some authorities, 22 or 
28 in., and with this velocity, on a level bottom, half 
lind three quarter bricks, together with the substances 
before named, ware rolled along, turning over and over. 

' ^8v/rfae'e, mean, and bottom veheitiea . — ^It is difficult 
o measure the bottom telocity in any actual stream, 
ind the experiments of different persons, do not show 
any.'dMe i^eement in the' results arrived at, in respect 
bf the relation which the bottom velocity- bears to the 
Bur&ce velocity. 

Dr. John Robison’s “Mechanwal Philosophy” 
it is stated that the differences between.the velocities at 
the surface and the velocities at the bottom of streams 
are proportional to the square roots of the velocities 
at the surface. The mean velocity is the aidtlimetical 
mean between the surface and bottom velocities. In 
a general way, if unity be taken from the square root 
of the surface velocity in ipches per second, the square 
the remainder is the velocity at the bottom. 

^^'-Beinkine says that the least velocity, or that of 
tire particles in contact with the bed, is about as much 


hnsB then the mean velocity as the greatest velocity is 
tium tiie mean, that is, that the least, the mean, 
lihdifthe greatest velocities .may be taken as. bearing to 


<;^i.other nearly the proportions of .8, 4, and 5, 

B^aige^ stated, in a paper read at the Itudi* 
fi^n of Giyi^ iglngineers, on the metropolitan, nudn 
t&itt he had designed, the y^o:& so that th^ 
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should be a mean velocity of not less than mile in 
an hour, when the sewers run half full, which is 
182 ft. per minute, or 2*2 ft. per second, the bottom 
velocity of which, according to the above-named ratio^ 
would be 99 ft. per minute, or 1*60 ft. per second. 

According to the experiments precedently named 
this bottom velocity would sweep {dong fine gravel,” 
or " gravel as large as French beans,” or “ coarse 
sand, small pebbles, and rounded stones, and pieces of 
brick 2 in. diameter.” 

From these and from our own observations we may 
say that the bottom velocity of a sewage stream ought 
never to be less than 18 in. per second, or the mean 
velocity less than 2 ft. per second. With the quick 
fall which may usually be given to house-drains a 
mean velocity of 3 ft. per second may easily be 
obtained, if tiie pipes be not made too large. 

Quakties of 1mm drain and sewer pipes . — One of 
the first requisites of a house-drain or sewer pipe is 
that it be perfectly circular, and another that it be 
snmoth. The kind of clay of which drain-pipes 
are sometimes made, and the mode of manufactmge, 
are such that during the process they fidl out of shape 
and become non-circular at the ends. This irregu- 
larity of shape in adjoining pipes in the same drain 
causes obstructions to the solid matter of the sewagei, 
obstructions which are cumulative, and which are not 
found out for a long time after their commencement, 
causing a generally foul state of the drain, and <m» 
from which lai^e quantities of foul gtises are given 
which travel upwards along the drain to Ihe honse. 

There are three kinds of earthenware pipes in uam 
for housedrains and sewers. 
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1. “ Earthenware ” pipes, which are made at many 
brickyards, but of one kind of clay only at each. 
Very few of these stand the heat necessary to vitrify 
them thoroughly and yet retain their shape, and they 
cannot be made so smooth 'inside as is desirable for 

house-drains and sewers. 

1 

2. Stoneware pipes. These are made of n mixture 
of clays which bum mostly of a light colour, and 
Sometimes there is an admixture of previously burnt 
clays broken up, and other substances, and the mix- 
ture of which they are made will stand great heat in 
burning, while yet the pipes mostly retain theii* form. 
These pipes can be, and mostly ai-e, glazed with 
common salt during the later stages of firing. They 
are usually 2 ft. in length, excluding the socket, which 
is in. deep in the 8-in. and 4-in. pipes, If in. deep in 
the 6-in. pipes, 2 in. deep in the 9-in. and 12-iu., and 
2:| in. in the 15-in. pipes. The thickness of the 8-in. 
pipes is usually fin., of the 4-in. pipes fin., 6-in. pipes 

in., 9-in. pipes | in., 12-in. pipes 1 in., and 15-in. 
pipes If in., and those made by Messrs. Stiff and 
SoM weigh respectively about 12 lbs., 16 lbs., 29 lbs., 
52 lbs., 86 lbs., and 126 lbs. 

Other pipes are made of fire-clay, and these are 
usnaHy thicker than stoneware pipes, except the 
smaller sizes of 8 in. and 4 in., which are the same. 

When there may be a special reason for requiring 
f greater strength to resist external pressure than the 
ordinary stoneware pipes will resist, or than it would be 
l^iChdent to snlgect them to, fire-clay pipes may be 
iQt4a of any thickness required ; but stoneware pipes, 
‘'lil well as some kinds of earthenware pipes, will resist 
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considerable external pressure. When Mr. Eawlinson 
some years ago read a paper on the drainage of 
tomis at tlie Institution of Civil Engineers, Mr. 
Doulton said he had tried the strength of some pipes 
made by his firm, with tlie following results. The 
pipes experimented on were two feet long ; each pipe 
was supported at the ends on blocks ; a piece of wood 
twelve inches long was laid on the middle, and the 
weight was gradually increased until fracture ensued. , 
The following were the results : — 


Diameter 
of pipe. 

Thickness. 

Weight on 

12 in. square. 

i Weight over the entire 

I surface of the pipe. 

15 in. 

12 in. 

0 in. 

' 

.7 * 

2 and 

f 

1 , 

cwts. qi*s. 

1 31 ‘3 

53 3 

64 3 

* ton's, cwts. qrs. 

1 7 11 

1 8 13 2 

! 8 1$ 3 


But it would not be prudent to accept these as the 
breaking weights of all stoneware i)ipes of like diameter 
and thickness, even of the same make, for one or a 
few in a great number might fail with very much ' 
less weiglit. Moreover, it would be conti’ary tor all 
engineering practice to allow an actual weight even“to 
approach any known brejddng weight. 

Inclination of house-drains , — There is usually no ' 
difficulty in giving a sufficient fall to house-drains, if 
the pipes be true in foim and evenly laid (and no fall 
whatever will compensate for defects in either of these 
respects). A moderate /all, and yet a sufficient one, is 
^1 in 60, or 2 in. in 10 ft.^ for the body of tlie drain, and 
1 in 30 for branches. 

Sizes df home-drains — The proper size of a ^ 
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or (li’ain must be determined upon a consideration of 
the laws of hydraulics, moderated by knowledge de- 
rived from experience. This is necessary ; for by 
the former alone we should find that a pipe of 
but two or three inches diameter is sufficient for 
half a dozen houses, even with the small inclination 
sometimes given to house drains, but we know by 
experience that the diameter should not be less than 
six inches, on grounds distinct from hydraulic laws. 
But the reciuisite size of a house drain is often over- 
estimated. A pipe six inches internal diameter is suffi- 
ciently lai’ge for the drain of the largest house, and it 
is not too large for the smallest house. A house drain 
frequently has several branches, and each branch may 
be four inches diameter. A 4-in. pipe would indeed be 
suflSciently large for the whole length of the drain in 
respect of its capacity to cany off the quantity of 
sewage running from the house, but from the careless- 
ness of persons a solid article — much too large and 
heavy — sometimes gets into the drain, and in a 4-in. 
pipe this fills up too much of the space to allow 
the sewage to iiass it. Iff then, the obstruction takes 
Xdace at some unknomi part of the body of the drain 
there is great trouble in finding it, but when each in- 
dividual branch is but 3 in. or 4 in. diameter a solid 
article is more likely to be caught before it gets as far 
as the 6-in. pipe, and when a stoiDpage is caused by 
such an article its position may generally be ascer- 
tained to be at or near an inlet of the drain, and ma}’' 
be removed at* once without much searching. If, 
however, it get through the branch, and the drain be 
6*in. diameter, it will probably not obstruct the sewage 
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altogether, but will be gradually moved down towards 
the end of the drain by the occasional flushes of water, 
and will probably be carried down to the outfall with- 
out further inconvenience. 

For this reason tlie body of a house drain should" 
not be less than 6 in. diameter, although the branches 
may be 4 in. 

A concise and useful formula for our present pur- 
pose is that of Eytelwein, given iii Tredgold’s Tracts 
on Hydraulics,” viz., that the mean velocity i)er second 
of a stream of water of similar form to those we are 
jiow considering is about nine-tenths (more accurately 
ten-elevenths) of a mean proportional between the 
hydraulic mean depth and the fall in two English 
miles, supposing the channel to be prolonged so far. 
The mean velocity per second of any such stream may 
therefore be represented generally thus : — 

h = the hydraulic mean deptli, 
f~ the fall in two miles, 
and V — the mean velocity sought. 

When V '9 y/ h /, ^ 

or, as it is more convenient to take small quantities 
like these per minute, v = Si \/ hf = the mean velo- 
city per minute ; and this velocity multiplied into the 
sectional area of the stream gives the cubic quantity 
discharged. 

Discharge of a 6-in, pipe , — The velocity in a Gin. 
pipe running half full, and having a fall of 1 in 60, 
would be fully 260 feet per minute, and this multi- 
plied into the sectional area of the stream would give 
a discharge of 24 cubic feet per minute, or 160 gallons. 
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If ^ take the fall to be 1 in 120, / = 88, and 
S) ^ hf = €L mean velocity of nearly 3 feet per second, 
■or 180 per minute, which would give a discharge of 
fully 100 gallons per minute. 

No household discharges so much sewage as this. 
The velocity, however, will be less than that above 
-stated so long as the sewage does not half fill the pipe, 
which it will seldom do in a 6in. pipe, even when it 
drains half-a-dozen houses, with a fall of 1 in 60, 
unless the rain-water of an unusually large area be 
turned into it. 

The only direct rain-water that it is nccessaiy to 
timi into a house drain is that falling upon the ground 
surface of the back premises of houses. That falling 
upon the roofs may be, and certainly should be, 
-caught and stored for use, and sent into the drains 
after use. As to the area of the ground surface of 
the back premises of houses drained directly into the 
house drains, numerous observations and measure- 
ments show that it seldom exceeds the area of the 
house roof, and this, as lias been before stated, has 
been found by the measurement of several thousand 
house-roofs to average about 360 square feet. If we 
say that the direct rainfall to be carried off by the 
house drain as fast as it falls is that due to an area of 
360 square feet, that is rather to overstate than un- 
derstate the average area of small houses. 

A house drain should carry off as fast as it falls the 
greatest rainfall from the area di-aining directly into 
it, together with tlie greatest quantity of house-sewage 
that may be discharged at the same time. If we take 
the quantity of water resulting from a depth of rain 

o 2 
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of 2 in. in an hour over an area of 860 square feet 
as the quantity to be carried off, the discharge to be 
provided for would be 60 cubic feet in the hour, or 1 
cubic foot per minute. But say that during some 
short part of the hour the quantity might be twice the 
average, or 2 cubic feet per minute. 

The maximum quantity of sewage discharged per 
minute from one house does not exceed 2 cubic feet 
per minute, and that only very rarely. 

If we suppose tliis to occur at the same time as the 
heavy rainfall above stated, which is not impossible, 
the quantity the drain must be capable of discharging 
is 4 cubic feet per minute per house. 

Referring to the calculated discharge of a 6-in. pipe* 
when half full, and with a fall of 1 in 60, viz., 150 
gallons per] minute, or 24 cubic feet, we see that 
with that fall a 6 in. pipe is sufficient for six houses ; 
but how often do we see and hear of owners of house- 
property being advised to lay down 9-in. pipes when 
several houses are to be drained by one drain, and 
sometimes even when only one house is to be drained? 
It is quite as easy to fall into the eiTor of laying 
down too large a pipe as one too small, and of the 
two that error is the more often made. 

The few calculations given above are not intended 
to prove anything which is not abeady well known to : 
those accustomed to this kind of work, for they neither 
make nor require such calculations, but only to prove 
to those 'who are inclined to lay down pipes of too great 
size that tliey not only do no good by it, but harm. 

The causes of stoppages of home drains and setvers , — 
Certainly many drain and sewer pipes have becom' 
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•choked with solid sewage, and the fault has been 
mostly attributed to tlie suj^posed too small size, 
whereas the proper reason has more probably been 
that they have been badly laid, badly jointed, or of 
irregular form. As to the form of drain pipes it has 
already been said that thc}*^ should be truly circular. 
As to the laying, sufficient care is often not taken to 
make the bottom of the trench of uniform inclination ; 
and as to the jointing, carelessness in this respect is 
the chief cause of stoi)2)age. 

In very stiff and retentive clay sewage cannot escape 
far away through bad joints, but it is certain (from 
actual observations) that wherever the ground is at 
all porous, large quantities of liquid escape through 
imperfect joints of drain and sewer-pipes. The liquid 
is the carrier of the solid portions, which have a con- 
stant tendency to settle to the bottom of the i)ipe, 
and if the liquid be insufficient in quantity to cause 
the necessary velocity (that is, if it be allowed to 
escape at the joints), the solid jiart of the sewage 
necessarily settles and cl^kes up the drain. And to 
be convinced of the extreme importance of attention 
to the jointing, it is only necessary to consider that 
during all the time this accumulation of solid sewage 
is taking place the drain is, in fact, a long cesspool, 
one end of which adjoins a dwelling-house. 

Wlien 6 in. jDipes have become clioked with solid 
•sewage it has often been supiiosed that that is too 
small a size for a house-drain, and 9 in. or larger pipes 
have been recommended as a remedy, instead of attri- 
buting the fault to its probably true cause — the in- 
elBcient jointing of the pipes. But if a drain be so 
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laid that stoppage occurs from accumulation of solid 
sewage, the sooner the stoppage takes place the betteiv 
for as it takes a longer time to fill a 9 in. than a 6 in. 
pipe with solid matter, so much the longer does the 
injurious action go on. 

Jointing . — Tlie pipes of house-drains and sewers are 
usually jointed with clay or with cement. Clay is pre- 
ferable where there is a probability that a pipe may 
require removal in order to insert a junction pipe at 
some time after the drain has been laid. When clay is 
used it should be well worked together outside the 
trench, and made of a consistency sufiiciently tough 
to allow a band of it a foot long to be suspended 
Avithout breaking. A band of well-tempered clay being 
thus made, by taking a lump of it and rolling it out 
on a planed board and fiattening it out to a width of 
2 in. and a thickness of in., it is to be laid round the 
lower half of each socket, after the pipe has been laid in 
])Iace, before the spigot-end of the next pipe is inserted. 

A good pipe layer will draw up the spigot-end of 
each pipe until it touches the upper part of the sockd; ; 
and then, when the pipe has been drawn “home,*'* 
will let it droj) vertically upon the clay band in the 
lower half of the socket, thus avoiding disturbance of 
the jointing material, and leaving no space betweem 
the ends of adjoining pipes. 

When cement is used there is danger of its getting 
through into the interior of the pipe, there setting,, 
and causing ugly lumjis and obstructions. To prevent 
this, Mr. Latham recommends that several strands^ 
of tarred gaskin, of suflBcient thickness to fill the,^ 
socket tightly, should be forced into it. 
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Another method is to fill the lower half of the joint 
with mastic. Almost any finely disintegrated mate- 
rial mixed with a sufficient quantity of melted coal- 
tar pitch, with which is mixed also a proi)ortionate 
quantity of the oil of the tar, makes a substance at 
once indissoluble in water, or in the dilute acids con- 
tained in sewage, and sufficiently dense to make a 
water-tight joint. 

The upper half of the joint should be left open 
(whatever the lower half be jointed with) to drain the 
ground, a barrowfull of gravel or other hard dry ma- 
terial, as brick rubbish, being placed over each socket 
before the earth is filled into the trench. 
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joint which may probably be made efficient, casting 
upon the spigot and in the socket of each pipe, by 
means of moulds prepared for that purpose, rings of 
cheap and durable material, which, wlien put together, 
fit mechanically into each other.” But in these pipes, 
as made, the joint is close all round, and does not 
admit of tlie ground being drained through the upper 
half of the socket. 

In June, 18G9, a paper was read before the (Geo- 
logical Society of London by Hr. William Whitaker, 
B.A., F.G.S., on the connection of the geological 
structure and the physical fcaturc>s of the south-east of 
England, with the consumption death-rate. The sub- 
ject had already been discussed in detail (Report of the 
Medical Officer of the Privy Council for 1807, pp. 14 
— 17, and 57 — 110), yet Mr. Whitaker thought it 
would be well to state the chief facts of the case from 
a geological point of view, the method of investigation 
followed, and the conclusions come to. 

Dr. Buchanan had previously been appointed by the 
Privy Council to inquire into the results of sanitar/ 
improvements in England. With this object he visited 
twenty-five large towns in wliich various works, de- 
signed to promote the imblic health, had been for 
some years in operation, and his investigations led to 
the conclusion that consumption had been very mate- 
rially affected. This disease, however, had not de- 
creased in all cases, and on examination it turned out 
that the lowering of the consumption death-rate went 
along with the decrease of water in the subsoil by 
improved drainage; and this led Dr. Buchanan to 
suggest tliat it might be well to see whether natural 
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causes wliicli affect the saturation of the subsoil, had 
not also some connection with consumption; or, in 
other words, whether places on those geological forma- 
tions which allowed the free drainage of water would 
not have a lower cousumiition death-rate tlian places 
on less pervious or damper beds. 

As in the south-east of England the surface-deposits 
of gravel as well as the regultu* foriiuitions of clay and 
other strata ^vere shown upon the geological maps, 
that part of the country was chosen for investigation, 
and divided into 58 districts, Mr. Whitaker being 
associated with Dr. Buchanan in the inquiry. 'J'he 
plan was to select out of the 58 districts such as are 
most comparable 'with each other in regard of their 
position and geological structure, and to sec how their 
l>hthisis is affected by the perviousness or impeiwious- 
ness, elevation or lowness, slope or flatnerss, in the 
members of such more lunited series.” The results 
were as follow : — 

(1) On pervious soils there is less consumption tlian 
on im])ervious soils! 

(2) On high-lying pervious soils there is less con- 
sumption than on low-lying pervious soils. 

(3) On sloping impervious soils there is less con- 
sumiition than on flat impervious soils. 

(4) These inferences must be i3ut along with the 
• other fact, that artificial removal of subsoil 

water, alone, of various sanitary w'orks, has 
largely decreased consumption. 

From which follows the general inference, that wet- 
p ness .of soil is a great cause of consumption, no other 
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condition having been found, in the course of these 
inquiries, to go along with the consumption death-i*ate 
to any gi*eat extent. 

I have introduced these quotations from Mr. Whit- 
aker’s paper (which was given in the ‘‘ Geological 
Magazine ” of November, 1869, and luiblished in sepa- 
rate fomi by Messrs. Triibner & Co.), in support of 
the assertion tliat the upper i)art of the joints of sewer- 
pipes should be left open. 

It is necessaiy, however, to point out that these 
openings will not receive any water — or will not re- 
ceive much of the water — until the ground below the 
pipes, and up to the level of their middle, has become 
super-saturated; tlie water then overflows into the 
pipes tlirough the openings. This points out that the 
sewers should be laid at a considerable depth, for, if 
not, tlie water would sink beloAv them and stand at 
some uncertain level, which might be but little below 
the sewers, and thus the drying of the ground would 
not be attained. 

Mode of Laying Pipes . — common way of laying 
pipes, but a very wrong one, is to lay them down ' 
upon the bottom of tlie trench so that the bearing 
points are the two ends only, the body of the pipe 
being unsupported. Two serious defects in the drain ‘ 
occur from this. Fii’stl}^, the weight squeezes out 
the clay or cement with Tvhich the joint is made, 
and the spigot-end of one pipe falls below the 
socket-end of the next one, causing an inequality 
of the bottom at every joint; and, secondly, the 
pipes thus lie hollow, being supported at tlie two 
ends only, and when the trench is filled-in the super- ‘ 
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incumbent weight has a great tendency to break them. 
They should lie solidly all along the body of the i)ipe 
upon the bottom of the trench, a hole being made to 
receive each socket. If the bottom of the trench be 
trimmed to an even gi*adient the pipes will then lie 
concentrically, and the joints can be properly made. 

liefilling the trench . — In refilling the earth into the 
‘ trench the small stuff should be first thrown in, and 
the spaces between the pipe and the sides of the 
trench should be well filled, so as to prevent future 
sinking by leaving hollows under the sides of the pipes. 

The bottom of the trench having been filled up to* 
the middle of the pipe with the most retentive of the 
earth thrown out, gi’avel should be tlirown in, all 
along the trencli, sufficient to cover the sockets of the 
pipes ; but where so much gravel is not procurable 
within reasonable distance, sufficient at least should 
be procured to blo(?k the front of the open sockets and 
prevent dirt falling in. 

The remainder of the filling-in should be done in 
regular layers of not moi’e than G inches in depth,, 
and each layer should be w’ell rammed before another* 
is thrown in, except when the ground consists of 
gravel or sand, in which case, or in either of them, 
ramming is. useless. The best means of consolidating 
dry sand is to wet it, and as to clean gravel it will 
settle of itself into its own position. But ground con- 
sisting of clayey gravel or gravelly clay is often met 
with, and in such cases ramming is necessary. One 
rammer or punner should be employed for every man 
filling in. 

If the ground in wliich a sewer is laid consists of a 
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bed of sand, precaution is necessary to prevent it 
being carried into the drain or sewer through the 
upper part of the joints of the pipes which jnay be left 
open, as has been said, and in this case the gravel or 
small stones previously mentioned as to be placed in 
front of the upper part of tlie socket joints of the pipe, 
sliould be so placed as to act as a filter to the stad, 
and so i^revent its entry into the pipe. But if the 
ground be of the nature of a quicksand the joints 
cannot be left open. 

Bad Ground . — The possible existence of a quicksand 
bed at the depth at which it may otherwise he advisable 
to lay a sewer is one of the strongest reasons why nu- 
merous trial holes should be dug to the intended depths 
at intervals along tlie lines of intended sewers. If the 
sewer be begun and continued with such a gradient 
as brings the bottom into a bed of quicksand at some 
higher portion of the work, it must be continued at 
that gradient, however difiicult and expensive tlie 
■work may be ; but if this had been foreseen it might* 
2>robably have not been diJFicult to make the gradients 
♦such as would have avoided the necessity of laying 
the invert of the sewer in such ground. But when- 
ever ground of this kind is met with, stable litter will 
be found useful, to pack in behind the poling boards 
and to drive in between them. 

If, with all precautions of close-timbering and the 
use of stable litter, tow, or cotton waste, the ground 
still rises in the bottom, some sjiecial means of car- 
rying off the water, other than by pumping, must be 
adopted ; but no general method can be stated which 
would answer in all cases. A bed of concrete would 
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answer in’obably in most cases if the movement 
of the water could be prevented, and so prevent 
the lime or cement being washed out before the 
concrete has had time to set. Slieet piling, or 
close planking, has to be resorted to sometimes. In- 
deed the expedients are numerous. They are all ex- 
pensive, and a few yards of such work cost more 
«than a great many trial holes. Mr. Reade of Liverpool 
adopted a method which would answer if it would not 
have the effect of carrying away the sand with the 
water, and so either blocking up the waterway or 
carrying the sand clean away to the outfall, the result 
of w^hich w'ovdd probably be a settlement of the ground 
near the sewer. The method was to lay in the bot- 
tom half-round pipes with the flat side downwards, 
or, rather, pipes of the form of the letter Q reversed, 
through which the water ran away, the sewer-pipes 
being laid on the backs of these drain-pipes, in saddles, 
the two lines of pipes breaking joint. 

Taper Pipes . — In Shropshhe taper pipes are made, 
20 inches long, the intenial diameter of the larger end 
being slightly greater than the external diameter of the 
smaller end, allowing the small end of one pipe to enter 
the lai’ge end of another. I am inclined to think that 
this shape is better than abrupt sockets for steep 
ground, say, where the inclination exceeds about 1 in 30, 
as it often does in hilly ground. The advantage of this 
form is that the sewage has a clear drop from the end 
of one pipe into the next one. 

The series of steps thus formed is very useful in 
checking tlie too great rush of sewage where the de- 
' scent is continuous. Hitherto these pipes have been 
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used chiefly for hind-drains. They are made of the 
common clay of the locality, which is of better quality 
foi’ pipes than most other clays with which I am 
acquainted. Socket-pipes, of 6 in. and 9 in. diameter, 
are made of tlie same clay, but they are not salt- 
glazed, and are some^\hat rough internally, and some- 
wliat porous. To remedy this and yet make use of 
local materials, which I think should always be done 
if possible, I have treated them after the manner of 
Dr. Angus Smith’s process, dipping them into the 
melted pitch of coal tar. The raw tar may be used 
if turpentine be added as a drier, say, half a pint to 
a gallon of tar. The process is not an expensive 
one. 

Dead Ends of Sewer^s . — In cases where stoppages 
have occurred near the upper ends of sewers — the 
•dead ends, — the quantity of liquid is often not suffi- 
cient to produce such a velocity of the whole sewage 
as will carry along the more solid part, which 
settles gradually until it fills the pipe. For this 
reason the sewage of several of the uppermost 
houses on each side of the sewer, say half a dozen, 
should be collected in one 6 in. pipe before its 
entry into the sev/er, wherever that is practicable. A 
.flushing tank is desii-able at every dead end of a 
sewer, but where the sewage of some dozen houses 
cannot first be thus collected, it is essentially 
necessary. 

One of the chief causes of stoppage of drains 
nnd sewers in which there is an insufficient run of 
water is the fine sand used at public-houses to scour 
4he metal pots, and for other purposes. This, being ^ 
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used in large quantities, soon chokes up tlie trap in 
the back-yard or scuUeiy, and surreptitious means are 
often resorted to to save the trouble of frequently 
emptying the trap. 

Drains under House-- floors . — In rural sanitary dis- 
tricts the drain seldom need be laid under a house- 
floor, but may, in most cases, be laid altogether 
outside tlie house. In this case the pipe trench 
may be refilled with the material excavated, but 
when it is necessary to lay the drain under a 
house-floor it should be surrounded with puddled 
clay or with concrete, to prevent the possibility of 
escape of foul air from it through the joints into tlie 
house, and especially so when it lies under a boarded 
floor. 

Junctions of Drains and Scivers , — The junction 
of a house-drain with a sewer, or the junction of a 
branch with the house-drain, should in every 'case 
be turned in the direction of the flow of seivage 
in the channel with which the junction is made, 
and should never enter it at right angles. For this 
purpose junction pieces are attached to pipes in an 
inclined direction, into which, when the general direc- 
tion of the drain or branch is required to be at right 
angles with the sewer or the drain, a bend pipe may 
be inserted, which will bring the lead of tlie pipes 
into the required direction. 

The direction of a drain or sewer, however often it 
may be necessary to change it, should alw^ays be in 
straight lines, joined with bend pipes. Straight pipes 
cannot be laid in a curved direction with any proper 
‘ regard to good jointing. 
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Terminations of House-drains . — The points up to 
which separate branches of a house-drain are re- 
quired to be laid are, in general, as follow. The 
cellar; the scullery sinkstone; the lowest part of 
the yard or paved surface about the house, to receive 
tlie rain-water or surface-drainage; the Avater-closet, 
if there be one ; and, in large houses, the butler’s 
pantry. Tlie drain should be brought up from its 
lower end of such a dei)th as to allow the extreme end 
of the farthest branch to be not less than 2 feet below 
tlie surface of the ground, the inclination of each 
branch being calculated at 1 in 30. 

Hometimes the drain is carried through the scullery 
wall and tenninated under the sinkstone, thus making 
a direct communication between the interior of the 
lioiise and the drain, whereby the foul gases of the 
drains and sewers are invited into the house ; for 
although a trap may be placed on the end of such 
a branch drain, it will not at all times prevent the 
foul air coming through it into the scullery, and thence 
probably into the house. It is very much better Jto 
terminate the drain outside the wall, and place a trap 
upon it there, and to discharge the sinkstone-water 
into that trap, so that at those times when the foul 
air of the drains may escape at tliat point they do so 
in the open air, and are tliere less injurious than when 
they escape into the house. Very little better than none 
is (or ratlier was, for people now see the fallacy of 
it) a ‘‘ bell trap” at the mouth of a pipe in a sink- 
stone, the other end being inserted into the drain. 
These traps act as traps only when the cover is in, 
its place (and very imperfectly even tlien), and they 
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so frequently become choked with tea-leaves and 
grease, that a remedy for this is often found in throw- 
ing away the cover altogether and leaving the end of 
the pipe open. 

As to the kind of trap to be placed outside the wall 
to receive the sinkstone-water, and also for the yard 
gulley, to receive the surface-drainage, there are se- 
veral kinds in common use. 

Iron box-traps are neat in appearance, but they 
are objectionable, inasmuch as that, unless xory well 
and carefully set, the foul air of the drain comes up 
through openings left round them between the trap 
and tlie setting — usually a few brides in mortar or 
cement : but when properly and closely set they an- 
swer very well. 

The earthenware trap is much better in this respect. 
The spout projects into the socket of the last drain- 
pipe, and it is easier in this case, to make the joint 
air-tight. These traps, or yard galleys, are, however, 
often made too deep — ^to hold too much. The less 
space there is for lodgment of solid matter in a trap 
the better. The only excuse for making a si>ace larger 
than is necessary to form the water-tiap is that it 
requires cleaning out so much the less often ; but this 
is of itself an objection. While the matter lies there 
it is decaying and giving off foul gases, and it is better 
thfit it should go to the soil as quickly as possible 
than that it should be retained (ttndeodorised and not 
disinfected) in traps for any considerable time. 

The same kind of trap serves for the two positions 
Xiamed, and in many situations the same trap serves 
'for both purposes, when the surface channel of the 
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paving of the yard is laid so as to allow the snrfaee- 
water to drain to the sinkstoue-trap ; but this is^ in 
some situations, inconvenient, and then a guUey is 
required in another part of the yard also. 

Another kind is the syphon-trap, but it is not suit- 
able for a yard-guliey ; its proper place is at an inter- 
inediate point on a long length of drain, where the 
sewage, arriving at it with considerable velocity, is, 
wholly carried through the trap witliout the risk of 
lodgment of solid matter. , 

This kind of trap is sometimes made with a short 
vcilical piece in the centre for the purpose of access 
in case of stoppage by sediment lodging in the hollow. 
This occiu*s when the quantity of water used is iiisufli-^ 
cient to carry forward the solid matter with the requi- 
site velocity. 

A new kind of trap, and a voiy good one, is that 
invented by Mr. Dean. The sewage falls into a box 
fitted into the etuthenwaie case, and the solid matter 
is thus easily removed by taking out the box aibd 
emptying it. ^ 

Another kind of trap is tljat invented by Mr* 
Mansergh, C.E. 

Of Mr. Banner’s trap I have no experience : I hopte 
the form of it will be modified from the representation 
I have seen. 

The paving of the yard or back premises of a house^ 
is an essential part of the drainage, and of 

stone flags, dust-brick, or asphalt# 

Water-traps , — ^Whatever the form of a waS^trap 
may be, it consists essentially of a vessel full of water, 
across which, from side to side, is placed a diaphragm) 
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the lower edge of which is horizontal and dips into the 
water. The extent of the dip seldom, if ever, exceeds 
2 inches, and is more often 1 incli, and even sometimes 
less. The greater dip is intended to offer a complete 
obstruction to tlie passage of air from one side of the 
diaphragm to the otlior; but water absorbs gases, 
and in tliis way they pass through it under the dia- 
pliragm and escape on the otlier side ; and it is now 
understood that no form of water-trap whatever pre- 
sents, at all times, the passage of gases tlirough it. 
The times when it mostly fails to prevent their pas- 
sage are when they arc driven upwards from the drain 
towards its upper end where the ti*ap is situated, and 
there attain an elastic force greater than the atmo- 
sphere on the other side of the trap, when the jnes- 
Bure acts mechanically to increase the quantity of air 
passing through the trap, which at tliosc times is seen 
(when persons are sufticieiitly observant of these 
obscure but dangerous small things) to escape in 
babbles; and it is now also well understood that 
means of escape for these foul gases from the drain into 
the atmosphere must be provided in front of the trap. 

Nearly all inlets to drains at the ground-level are 
itear the doors or windows of dwelling-houses, and 
therefore tlie foul gases should not be allowed to 
escape at those points, under our noses, as it were. 

It is necessary to observe that sewage, immediately 


on itiJl||tey into a drain, begins to give off the gases of 
deconBiition, and oontinues to do so until it is buried 
in thPIdil at the outfall. 


I These gases are declared by the modical officers to 
^ highly injurious to health. It may be, some of 
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them say, that the gases themselves are not injurious 
to health, but only offensive to the senses, and that it 
is the specific germs of disease which they convey 
which are to be feared ; but they say again, in expla- 
nation, that even if the gases be not injurious of 
themselves they become practically so by acting as the 
carriers of the germs which are so, and therefore are to 
be prevented coming into dwelling-houses. 

If a water-closet is to be connected with the house 
drain the form of trap belonging to it will be different 
from those already mentioned, and will depend upon 
the kind of closet apparatus adopted, the simplest 
kind being an earthenware pan with a trap of the kind 
called the syphon-bend, or S pipe, into the upper end 
of which the neck of the pan is inserted, and the lower 
end of the trap is inserted into the socket of the last 
pipe of the branch drain, in the same manner as the 
spout of the yard gulley already described. 

Water-elosets . — Many of these pans and traps have 
been fixed without any water supply from cisterns and 
I)ipes, and in some places with very good results, being 
kept clean by throwing down them the contents of the 
slop-pail, and in addition to that several pailsfull of 
water daily as a part of the regular household duty. 

The shape of these x^ans is often objectionable, the 
neck being made directly under and concentrical with 
the rim. 

There is a shape in which the back of the pan is 
vertical, the contraction from the rim to the ne^ 
being managed in the front and sides of the pan. 

These are more easily kept elean. The pan tmd 
trap should be well supported, and firmly bedded oiii 
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concrete or brickwork, and the joints made perfectly 
air-tight. In converting a common privy and cesspool 
into a watercloset, the cesspool is sometimes merely 
filled up with earth and the pan and trap set upon that ; 
but the settlement that takes place disturbs the joints 
and lets the foul air of the drain escape through them 
into the closet. 

There are several kinds of water-closet apparatus of 
a more complicated kind, with various forms of traps. 
The worst kind is the pan-closet, in which a tinned 
iron or copper “ pan ** works m an iron receiver.'* 
The receiver is a cast-iron box, large enough to allow 
of the motion of the hinged pan, and therefore of con- 
siderable size. The interior of the ‘receiver soon 
becomes coated with the soil discharged into it from 
the pan, and is a permanent cause of offensive smell 
in the closet; for a quantity of the foul air in the 
receiver is drawn out of it every time the closet is used, 
equal in volume to the contents of the i>an ; the action 
being one of those everyday things which illustrate one 
of the principles of physical science — that two bodies, 
as water and air, cannot occupy the same space at the 
same time. This is the kind of closet apparatus 
usually recommended by plumbers who have not had 
much experience in these things ; and therefore it is 
necessary that owners and occupiers of houses should 
enquire for themselves into the action and the merits 
of these and other things with which dwelling-houses 
are famished by plumbers and other tradesmen, who, 
in some branches of their business, are, no doubt, 
good enough workmen, and understand what they do 
in those branches, but who, as a rule, certainly know 
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very little indeed about tbe proper construction of 
water-closets and their appendages of cisterns, pipes, 
and valves, — -judging from what we too often see in 
houses in small towns. 

The motion of the pan, swinging backwards and 
forwards in the receiver, disturbs the equilibrium 
between the air-pressure in the receiver and the out- 
side, causing at times a i)artial vacuum and at other 
times a plenum of air in the receiver. To remedy 
this a hole is made in the cover, or somewhere near 
the top of the receiver, through which the foul air is 
driven on the descent of the pan, ami through which 
air is drawn into the receiver on the ascent of the pan 
to its positioh of rest; thus a constant pumping of 
foul air out of the receiver into the closet goes on, 
unless the further remedy be adopted of attaching a 
pipe to this hole in the cover of the receiver and 
leading its other end through the wall into the outer 
air ; and tlie effect of this is usually spoiled by making 
the pipe too small in proportion to its length, and too 
tortuous in its course, so that the obstruction canted 
by the friction due to the velocity with which 
must pass through so small a pipe is sufficient^ to 
prevent the intended motion; for it must be observed 
that the operation is perfoimcd quickly, and therefore 
through a small pipe the air must pass with great 
velocity ; but obstruction to the motion of air caused 
by friction against the sides of a pipe increases as the 
square of the velocity, divided by the diameter of the 
pipe, so that whatever the obstruction to a given 
volume of air passing through a given length of 2 i&» 
pipe in a given time might be, it would be thirty-two 
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times as much through a 1 in. pipe of the same 
length. 

But the usual way with plumbers is to attach a very 
small pipe, whereby they defeat tlie object in view, 
and instead of the foul air being driven by force 
through this small pipe it prefers the easier passage 
through the opening of the basin into the apartment. 
’This is indeed one of those things in which a small 
ineddling is worse than doing nothing, for to make 
such a thing answer the end sought it must be done 
thoroughly and on scientific principles ; not on tliat 
account necessarily more costly, be it remarked, but, 
on the other hand, probably much less so. 

As the pan-closet is the worst form, •so the best is 
that kind which is wholly of earthenware and has a 
plug valve, the motion of which is veiiical and direct, 
and is situated at the side of the basin. 

I have always considered this kind of basin the 
host I have known, with its plug-valve and direct pull, 
the outlet being on one side of the basin. Fig. 27 
allies Mr. Jennings’s antogement. 

however, that it would be an improvement* 
to tton the trap-bend round" m the opposite direction, 
as shown by the dotted lines in tlie figure, so that a 
vertical ventilating pipe^ may be attached to the top of 
the. soil-pipe. 

One of the commonest errors of plumbers, in fitting 
up water-closets, is to make the down-pipe from the 
c^em to the basin too small. There is little or no 
excuse for this. The length is in no case great, and 
tt^efpre the difference in the cost (which is the only 
ponceiyable reason for doing it) can in no case be of 
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much account ; but the difference in the effect produced 
is very great. What is wanted for this purpose is a 
sudden flush of water, not necessarily greater' in 
quantity, but of quicker action ; and this is impossible 

Fig. 27. 
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.’vhM the do\m>pipe is so small as many are. Ii.<; 
should be a rule that this pipe should be ' 
diameter. The lightest pipe made is suffidenti^s 
stoong for the purpose, and any saviag that may.shel 
desked should be sought for in thickness of me tal, 
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not in size of pipe. Nine pounds weight per yard is 
quite sufficient for a pipe of 1^ in. diameter. 

Whatever the form of closet apparatus, the one 
feature common to them all is tlie soil-pipe. This is 
the pipe which intervenes between the trap of the 
closet-basin and the drain, and the top of it is usually 
the highest point of the house-drainage, and therefore 
is the point at which the gases arising from the decom- 
position of the sewage have the greatest tendency to 
accumulate, — all those, that is to say, which are of 
less specific gravity than the atmospheric air. It is 
impossible, except by means of an expensive applica- 
tion of antiseptics, to prevent the liberation of the 
gases of decomposition of sewage (which begin, as has 
been already said, as soon as the sewage is formed, and 
continue until it is finally disposed of at the outfall) 
ahd it is quite as impossible to prevent their escape 
into the atmosphere. The only practicable thing tliat 
can be done to prevent injury from them is to conduct 
them to places out of reach of the air we breathe con- 
tinually, — ^that is to say, into the atmosphere above our 
heads, such of them, at least, as are of less specific 
gravity than the atmospheric air at the moments of 
action, and these gases are the most injurious because 
the most volatile. The diffusion of the heai?y carbonic 
acid gas is slower, and it is not so important a vehicle 
of conveyance of germs of disease as the lighter gases 

Of the evil effect^f . of the gases of decomposing 
S^^ge, Dr. George Wilson, in his Handbook of 
says, after enumerating some cases where 
typhoid fever had •taken place from the 
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entry of these gases into places where people had to 
breathe them, ‘‘While numerous other instances we 
recorded of the evil effects of the air of sewets, 
cesspits, drains, &c., in producing temporary ailments, 
such as nausea, vomiting, diarrhoea, and headache, 
the great interest which attaches to this important 
subject rests on the development and spread of enteric 
fever and that “ the sewer air, laden with the specific 
poison, readily finds its way into houses on account of 
its greater tension, and in consequence of badly 
ti-apped and imperfectly ventilated drains.” 

Ventilation of Home-drains and Sewers. — The ven- 
tilation of sewers and house-drains has received a 
good deal of attention, and many propositions have 
been made which will occur to those conversant 
with the subject, but which need not be repeated 
here. No method of ventilation, however, is at once 
so simple, practical, eifective, and inexpensive as 
open communications between the drains and sewers 
and the atmospheric air. When openings are made 
into sewers or drains, the gases of decompos? 
tion, previously accumulating under pressure, escape 
freely into the atmosphere ; and the mischief is that 
when they escape at the ground-level we must breathe 
them. But there is no necessity for this ; they can , 
be conducted up into the atmosphere above the house-: 
tops, if the pipes be sufficiently large and sufficiently 
numerous. These two requirements may be at once 
stated, from experience, to be, that the ventilating 
pipes should be 4 inches diameter, and that the^e. 
should be at least one to every house-drain. 
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The retail prices of iron pipes suitable for drain- 
ventilation are os follow : — 

8 in. diameter, 8^. 3i. per 6 ft. length. 

8^ in. „ 8^. lOd. „ 

4 in. „ 4s. 8d. ,, 

4iin. „ 6s. ,, 

The mischief done by some plumbers in this matter 
is very great, for when they can be brought to see 
that ventilation of house-drains is necessary at all, 
they recommend to their employers a small lead pipe, 
say I -in. or 1-in. diameter. They whoUy overlook the 
element of friction through so small and so long a 
pipe, which is of itself sufficient to prevent the pipe 
being of any use. If no motion were to take place 
through the pipe, no pipe would-be required at all; 
and it is this necessary element of motion of the foul 
air through the pipe that plumbers overlook. And, 
sometimes, to the inefficiency of a small pipe they add 
the obstruction of bends in it, and when such a pipe 
has been found by exiierjence to be useless in pre- 
venting foul gases coming into a house, ventilation 
is thought to be useless, whereas it is the plumber 
who is in fault. 

Now a plumber, unless he is in a more than usually 
large way of business, does not keep in stock the thin 
cast-iron rain-water piping which is most suitable for 
ventiiating pipes, — he has to get it from the iron- 
monger : this is out of liis usual course of business, 
and he recommends a lead pipe ; but, as a lead pipe of 
sufficient diameter would be too expensive, he pretends 
tiiat a small pipe is sufficient* 

^ In reality he does not take the trouble to think what 
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size the pipe ought to be, and it appears to him that 
the size of the pipe is immaterial. 

The owner of the house is glad to hear from the 
plumber that a small pipe will be sufficient ; he would 
be still more pleased it* he could be assured that none 
at all is required. 

One of the last ventilating-pipes of several thousands 
erected under my directions before this present writing 
is 4| inches diameter; and when the workmen had 
finished all but putting down the last trap at the 
ground level, they put into the drain a bit of white 
paper, and it was at once carried up the ventilating- 
pipe and was seen to fly out of the top of it. 

When I constructed the sewerage and drainage of tlie 
town of Leek, I caused to be erected a number .of 
ventilating pipes at tlie upper ends of the house-drains.. 
Since that time the Sanitary Inspector has been re- 
quested by the Improvement Commissioners to report 
to them the state of the ventilation of the sewers and 
drains of the town, and the following is a copy of his 
report. 

The public sewers and private house-drains con- 
nected therewith are ventilated by means of 1,194 
metal pipes, varying from 2i in. to 4 in. diameter, 
carried up the exterior walls of buildings above the. 
levels of windows. Although means of ventilation are 
much required in places, it may be said, in general., 
that the provision made for the ventilation of sewera 
and drains is much more adequate than was antim^ 
pated. , 

“ Notwithstanding the fact that little was said as tfj 
the importance of sewer and drain ventilation wheti' 
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these works were constructed, the engineer who con- 
structed them appears to have devoted considerable 
attention to the subject ; and, at a subsequent period, 
upon the recommendation of the Sanitary Committee, 
the Board made an order that every drain and branch- 
drain hereafter constructed be ventilated at its head 
by means of a pipe or flue, terminating above the , 
windows of the house or building. 

** The propriety of thus dealing with the subject has 
been so often demonstrated in Leek, that I only need 
refer to the fact that where the necessity of sewer and 
drain ventilation has been altogether ignored, typhoid 
fever has been most prevalent. After careful inspec- 
tion and consideration, I cannot recommend any other 
method of dealing with the subject than that already 
adopted by the Board. The principle inculcated by 
the order now upon the books is tliat it shall not be 
possible for foul stagnant gas to be present in any 
sewer or house-drain. The means determined upon 
by the Board for that purpose are extremely simple, 
easy of application, and strictly in accordance with 
natural law. 

‘‘ It has repeatedly been proved here that the best 
water-trap at a drain-head (especially if it be inside a 
house) without proper provision for ventilation, is a 
snare and a delusion, fraught with much hidden danger 
to health and life. I therefore submit that the Board 
eahnot do better than carry out in its integrity the 
jprinciple of ventilation already adopted, by requiring 
a sufficient number of outlets at the head of each 
sewer and drain; thereby allowing nature to establish 

natural eirculation by which continuous diffusion, 
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dilution^ and rapid osddation, will at least reduce the 
danger to a decimal degree.” 

1 have been informed by the Sanitary Inspector, 
Mr. Kobert Farrow, that he has frequently held a 
candle or a few lighted shavings to an untrapped gully 
in the street, and has found the current of air to 
be inwards. From that it may be inferred that the 
tall ventilating pipes are fed with atmospheric air, 
through any defective trap there may happen to be at 
the ground level, and so the sewers and drains become 
supplied with currents of atmospheric air, preventing 
the formation of sewage gases, to some extent, and 
carrying off those which are formed. 

Dr. Alfred Carpenter, in a paper read at a meeting 
of the Health Department of the Social Science Con- 
gress in 1869, on the Influence of sewer gas on the 
public health,” said, speaking of Croydon, When a 
stink is perceived at a particular spot, or in a parti- 
cular house, orders are generally given to stop the 
place of issue by trapping the offending opening, with** 
the beneficial result of removing the smell and staying 
the progress of disease in that particular house or- 
place ; but no means are taken to prevent its influence 
being felt elsewhere. The mischief is simply trans-^ 
ferred in a selfish kind of way, and the public suffer^ 
for it. I have had much experience of this kind of 
thing in our district, and soon saw that trapping Was 
not a proper remedy unless it was accompanied by th4 
provision of another exit in a safer situation.” 

Fukher, that “The Croydon Local Board deters 
mined, three years ago, to adopt the principle of; 
opening the extremity of every sewer^. and of 
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branch or house-drain in connection with the sewer, 
and make every house ventilate its own house drain. 
The Local Board also had openings made into the 
sewers at 100 yards interval, so as to allow of a con- 
stant and continuous current of air. By these means 
the effects of sewer gas have been entirely obviated, 
and the consequences removed, in those portions of 
our district to which the law is made to apply, in a 
most marked and decisive manner.” . . . . “ The 
sewer gas will form, at times, very abundantly in the 
house-drains, — the houses being, like gas-receivers, 
open at the bottom only, the sewer products will make 
their way through the traps into such houses ; and if 
the traps become, as is often the case, untrappcd, 
especially in dry weather, th^re is a ready means for 
the entrance of the gas into the house, independently 
of the means afforded by the water in the trap itself, 
which is a ready conductor of the miasms, — absorbing 
the agent on one side and giving it off on the other.” 

After pointing out that tjie formation of sewage gas 
cannot be preii^ented, and that trapping is only stop- 
ping the danger at one point and forcing it in another, 
quite as perilous to those exposed to its influences, 
Dr. Carpenter said, “Whilst, therefore, these gases 
will form, how can we best avoid their influences ? 
The nature of sewer gas has been well pointed out by 
various chemists and medical authorities, — all concur 
in the belief that dilution destroys it ; that if suffi- 
cientiy diluted with air it becomes innocuous, and its 
ating is taken away. When it first escapes from a 
it carries mtii it some condition which is in- 
to life, tending to prevei^t some necessary^ 
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change in the blood, or other vital tissues, either by 
its own power or by means of a property to which it 
simply bears the relation of carrier. If it be mixed 
witli sufficient air, especially if that air be ozonised, 
the miasm becomes oxidized and comparatively harm- 
less, or if not so oxidized its presence is not injurious 
to life.” Speaking of the motion of air in sewers and 
drains being upwards, he said, “ Oui* problem, there- 
fore, is how to render this circulation positively con- 
tinuous. This has been effected most perfectly in our 
district by compelling every new house to have ven- 
tilation for itself. The soil pipe is continued upwards 
in a straight line above the level of the pan (of the 
water-closet), between the trap and the sewer, and it 
is made to terminate by an open extremity above the 
eaves of the house, away from the window, and not 
close to, or on a level with, the chimney. Every con- 
nection with a sewer requiring the presence of a trap, 
has that trap guarded from the consequences of pres- 
sure by a ventilator similar to, that of the soil pipe, ^ 
the latter being placed as close to the trap as possible. 
It is found necessary to make these shafts ascend 
straight up, and not curve or turn at right fgigles, or 
their efficiency is interfered with. The result of 
making these innumerable openings at the higher - 
points of the sewer has been to promote a rapid circu- 
lation through the sewer, by which all sewer gas is 
moved as quickly as formed, and: no concentration can ' 
take place.’* 

Dr. Thursfield, in his Sanitary Report on the Bof 
tough. of Shrewsbury, March, 1876, says: “The obje<^: 
4n ventilating a soil-pipe is to afford such free e^tr;%'' 
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the gas that it shall neither pass tlu*ough the water in 
the trap, nor through any corrosion or leakage in .the 
soil-pipe itself. The mode in which soil-pipes are 
ordinarily ventilated dues not accomplish this ; a pipe 
of small calibre is carried from the soil-pipe with i^any 
turns and twists to the top of the house, and the retar- 
dation to the up-draught, caused by the small calibre 
and lengtli of the pipe, is so great that in many cases 
it practically does not act at all.” 

Fluctuation of the volume of setoage . — It is well 
known to those w^ho have had to do with sewers that 
the volume of sewage varies from hour to hour of 
the day ; and this takes place to such an extent that 
one half of the sewage due to the whole 24 hours 
often flows off in six or eight hours, and that circum- 
atence has to be taken into consideration in deter- 
mining the size and other conditions of a sewer. 
This fluctuation is caused by the varying quantities of 
water used,, in houses at different hours of the day. 
Bepeated ^jaugings of th^ flow of sewage in dry 
weather, when the quantity is not influenced by rain- 
fSall, but is cliiefly that used in houses, has shown that 
the maximum flow during some one hour of the day 
its about twice as much as the minimum flow durmg 
auother hour of the consecutive 24 hours. 

Mr. Marten has stated that at Wolverhampton about 
t^ee-fourths of the daily supply of water was given 
bi^tw^n the hours of eight in the morning wd eight 
ih the evening: ‘ 

Hawksley has stated that at Salford, in the year 
the draught of water between eight a.m. and 
^;was from 2 to 2 J times the average quantity of 
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tlie whole day, and that in tlie night it w’as not more 
than i of the average quantitJ^ 

A day’s observation of the state of the chief service 
reseiToir of the Manchester Water Works in 1864 
showed the quantities flow’ing out to be 

from 9 a.m. to noon IJ^ million gallons 

,, noon to 3 p.m. 1| „ „ 

,, 3 p.m. to 9 p.m. 2 „ „ 

,, 9 p.m. to 9 a.m. 2 „ ,, 

7 jj sf 

So that during the six hours from 9 a.m. to 3 p.m..- 
the average hourly quantity going out of the reservoir 
w’as tV whole quantity during the 24 hours, or 
600,000 gallons ; from 3 p.m. to 9 p.m. or 333, 83$' 

gallons ; and from 9 p.m. to 9 a.m. or 166,666* 
gallons ; the first-named hourly quantity being three 
times that of the average hourly night-flow. The^ 
fluctuation of the water-supply is, as might be pre- 
sumed, greater than that of the sewage flow, because 
thei’e is always some ground-water running in the 
sewers, which seems to make the night flow of the 
sewers about half as much as the maximum dailjr 
. flow. ^ 

In several towns the maximum hourly quantity of 
dry weather sewage flowing at the outfalls of the 
8e\vers has been found to be a little more than, twice 
^ much as the minimum. ^ 

Such observations show that the fluctuation. 
volume of sewage is very considerable even jm, 
weatiher ; and another cause of fluctuation is the 
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fell. Everybody knows tliat immediately after a 
shower of rain “the drains smell.” The foul gases 
of the drains are, in fact, then forced out by the influx 
of water. WJien the water in the sewer is rising, it 
compresses the air in tlie sewer above it, when it is 
confined, and, reacting, as all elastic bodies do, with a 
force equal to that with which they are compressed, 
the sewer air forces its way into the houses through 
kitchen sinks, traps, and water-closets, and through 
street gulleys, and other places at which it ought not 
to be allowed to escape. 

Open and close seicers . — ^\Vhen a close sewer is 
broken into the escape of the pent-up gases is fearful 
in volume and malignity, and the death of workmen 
has frequently occurred when this has been done, 
and more frequently has illness of many people arisen 
from it. 

When a sufiicient number of openings has been 
made through which there is free communication be- 
tween the atmosphere and the interior of the sewers 
the escape of sewer gas at any one opening is almost 
imperceptible. Now if we consider the bearing of 
these |acts we shall see that open and not close sewers ■ 
are to be preferred. 

But wholly open sewers in populous places cause 
loo much inconvenience, and therefore for the sake of 
eoflvenience sewers in populous places must be covered.^ 
Between these two antagonistic requirements we must 
take a' middle course, and, while covering the sewer, 
mdst make ftequent openings through which a com- 
may take place between the interior of the 
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sewer and the atmosphere, the openings being covered 
by giatings at the surface of the ground. 

On main sewers Mr. Bawlinson advises that the 
openings be not more than 100 yds. apart ; but it is 
evident tliat the greater the number of openings the. 
better, and it is only a question of expense whether 
the whole length of every sewer should not be open to 
the atmosphere, the grating covering the opening being 
continuous. The objection raised on the question of 
expense is of course a valid one in a degree, and in 
the case of deep sewers must be met by substituting 
openings at intervals ; but the nearer sewers approach 
to open channels the better. House drains, however, 
should be covered, and the communication should be 
made between the drain and tlie atmosphere above the 
roof by means of a vertical pipe, as before mentioned, 
and also at the ux3per ends of street sewers, where the 
ground is steep ; but in the greater portion of tlie 
sewers, and especially in the lower parts, the openings 
should be at the ground level. 

As has been said, sewers or at least jnpe sewerl, 
should belaid in straight lines. Besides other advan- 
tages which this method has over curves, it allows the 
sewers to be readily examined, without breaking'up the 
roads, for, by carrjing up a man-hole at one bend, md 
an opening at each of those next it, in front and reW 
down whicJl a lamp may be lowered to the sewer, it 
may be seen from tixe man-hole if the sewer be op^v 

In well-arranged sewers, stoppages may be 
certainly prevented ; nevertheless, the originid 
<due, I believe^ to Mr. Baydinson) diould be adhe^^ 
to, for, even though such examinations seMw 
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be made^ the numerous commiuiications thus made 
between the sewers and the atmosphere are very bene- 
ficial, if the covers of the man-holes and the lamp-holes 
be made with openings, or if they be covered with 
gratings. They then act beneficially by admitting 
fresh air to the sewers, providing an efficient system of 
ventilation, such as has abeady been mentioned, be 
adopted in connection with these openings. 

The man-holes should be about 8 ft. square, gathered 
in near the top an inch or so each course until the 
opening is reduced to the length of 2J- bricks, and the 
width to 2 bricks. Upon the brick walls a cast-iron 
fi.'ame is set, within which a moveable cover is fitted, 
the construction of which should be such as to be as 
open as possible, consistently with safety to horses" 
feet. 

The bottom of the man-hole should be formed so as 
to prevent lodgment of sewage, and should be of the 
form of the lower half of the adjoining pipes, or of the 
invert of the sewer, when fif brickwork. 

The lamp-holes may be vertical pipes, set up on a 
square junction, and carried to within about a foot of 
the surface. Round the mouth of the vertical pipe a 
stnall bed of concrete should be laid to receive the 
pressmre of the traffic over the cover, which should be 
supported upon two courses of brickwork, bedded upon 
the concrete, so that weights passing along the road- 
way shall not be transmitted to the pipes. The cover 
should be of cast-iron, similar to that of the man-holes, 
but need not be so large. In maeadamised roads, the 
covers of both should be surrounded by pitched 
Btone fovkke distance of a yard or so* 
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Road drains . — Wherever there is a considerable 
number of houses together it will be advisable to 
lay a common sewer into which tliey may be drained^ 
so that the sewage may be conveyed to one spot and 
disposed of. 

Now, wherever there is a considerable number of 
houses together there is usually a road drain, or 
culvert, or several of them, for the purpose of can*jdng 
off the rainwater. These may have their outlets as it 
may be ; but it may be taken generally that they are 
sufficient for the purpose for which they were laid 
down, but for that only. To convert these int<j 
sewers is quite a wrong proceeding. We find, indeed, 
as matters of fact, that in many cases house sewage 
is turned into these road drains and culverts, but we 
find also the necessary consequences — stoppages, and 
nuisances arising from the breaking out of their con- 
tents. Before such pipes as are suitable for sewers 
and house drains were made, road drains were chiefly 
formed of bricks, sometimes with mortar and some*- 
times laid dry, or of rough stonework, and it is chiefly 
such drains and culverts as these that wc find in 
existence, and in some cases receiving part of the, 
house di'ainage. They are often of considerable size, 
and on that account are sometimes thought to be 
sufficient for both road drainage and house drainage, , 
ani so far as size and fall go they might be so in 
most cases, but the chief consideration is that l|ouse 
sewage must be cleansed (I prefer to say cleansed 
rather than purified) before its escape into a river or 
$^am, and if it be mixed with a large quoiotity of* 
rainwater — ^which it would be if put into road drainsi^ 
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the cost of dealing with it is greatly increased, while the 
rainwater itself, if unm^xed with house sewage, might 
flow in its natural courses. 

When the method of purification is that of the 
irrigation of land, a certain quantity of rainwater 
is sometimes useful in helping to float the sewage 
a sufiicient area to effect its purification, but 
’thB does not tell against the main argument — that 
bulk of the rainfall should be allowed to flow 
Dff by tlie channels which have hitherto conveyed 
it, and that sewers should be laid to convey the 
sewage and a limited quantity of rainwater to the 
outfall ; and under these circumstances the sewers 
iWy be of smaller size than would be otherwise 
necessary. 

But it is not so much that the quantity of rainwater 
in a year would be difficult to deal with, if its flow 
were at all regular, day by day, as that it is difficult to 
make any effectual provision for the occasionally sudden 
and excessive flow. • ’ 

The roughness of the interior of these road drains 
and culverts prevents the sewage flowing freely off, 
and causes a generally foul state of the bottom, and 
this is, increased by the escape of the liquids through 
the joints of the brickwork or stonework, for they are 
juot impermeable, which is an essential requisite in the 
Jiower half of the sewer. 

V . Jn the definition clause of the Act, drains vested 
m or under the control of any authority haviug the 
i^inanii^em'ent of roads, and not being a local authority 
Act,” are excepted from the definition of 
Me word sewer. 
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Circular sewers . — When the situation of the upper 
end of a sewer is such that it cannot be extended 
so as to include the drainage of any additional 
number of houses, the upper end of the sewer 
may be of 6-in. pipes, — ^for what length downwards 
will depend upon the fall, but the length will in 
most cases be comparatively short. Below these 
short lengths of dead ends 9-in. pipes may be; 
continued for considerable distances, which may, 
when necessary, be succeeded by 12-in. and 16-in^ 
pipes, for distances still greater ; but when it becomes 
necessary to make the diameter as much as 18 in. it 
will in general be better to lay a brick sewer, with a 
half-brick ling; and half-biick, or about 4 Jin., is a 
sufficient thickness for diameters up to about 2 ft. 6 in. 
Sewer bricks should in all cases be moulded thin on 
the face and thick at the back, and more- or less so 
according to the radius of the sewer, so that they may 
be bedded solidly upon each other throughout the 
width of the bed. For sewers of larger size, and up 
to 3 ft. 8 in., or 3 ft. 6 in. diameter, the bricks may be 
moulded of the dimensions of 9 in. long, Gin. wide,, 
and of a thickness of on the face, and Sin. at 
the back. Although heavier than bricks of ordinary 
size, these are not inconveniently heavy in the hand-^ 
ling, and^bout the same cubical quantity of work per 
day is done with them as with bricks of ordinaiiy 
I used bricks of these dimensions, moulded l 

purpose, in the north outfall sewer of the Leek;- 
Drainage# Its diameter is 3 ft. Sin# If the diainijj^^ 
be Teqmred to^ be greater than about 3 ft. Gin*, 
tMckness should be 9in«, or one brick, up to^ 
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much exceeding, a diameter of 4 ft. 6 in*, or 6 ft. high 
and 4 ft. wide. 

Egg-shape setuers , — ^For tlie purpose of concen- 
trating a small flow of sewage, and so increasing 
its depth and consequent velocit}^ the bottom of 
a brick sewer is sometimes made of smaller radius 
Ithan the toj), and the usual ratio of height to width 
is three to two. It is evident that a given small 
quantity of sewage flowing in a circular sewer 
spreads out over the bottom and reduces the hydraulic 
depth, and where the inclination of the sewer ‘is 
small and the vaiiation of the quantity is gi'eat this 
form is preferable to the circular form ; otherwise 
it is not so.. 


The cii-cular form has many practical advantages 
wliich tlie egg-shape has not. It is stronger; the fluc- 
tuation of the height of the surface of tlie sewage-flow 
is less, and for this reason the extent of surface exposed 
to wet and dry on the sides jDf the sewer is less?«is;hich 
is in its favour, for the grease and other matter lenita 
the inside of tlie sewer at and near the surface of the 
sewage-flow gives off gases of decomposition, and tlie 
more so in proportion to the extent of surface exposed. 

Sewer hicks . — The bricks of the invert or lower por- 
tion of a sewer should be of very good quality. They 
are subject to constant abrasion by hard matter ; and 
the joints should be of cement, or of ground hydraulic 
lime used in the manner of cement, with an admixture 
of not more than two o f sand to o ne o f cement, or 
the sand being "clean and shaiq) to thiTlouch. 


blue bricks made in Staffordshire and Shropshire 


excellent for sewer work, and the gault bricks in 
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the neighbourhood of London ; but as the bricks of 
the locality will probably in most cases be used for 
sewers, care should be talce^ to select the best kind of 
clay the locality affords, within reasonable distance, 
and to have tlie bricks well burnt. 

It has occurred in sewers tliat the bottom has been 
deeply cut into by the action of sand and other splid 
matter upon it for a number of years. 

Depths of sctvcrs , — As to the depth at which sewers 
should be laid, that depends altogether upon local 
circumstances. Where the surface of the ground 
is generally of uneven height, tlie level of the 
lowest part of the opposite houses is the guide, 
the middle of the height of the sewer being not 
less than 2 ft. lower than such lowest points. In 
such gromid, taking this minimum depth at several 
points along the course of a sewer, or along some 
considerable portion of its length, the proper in- 
clination may be ascertained, and the depth at every 
part of the course. The proper gradient being deter- 
mined, the easiest way of ensuring its exact formation 
is to place two fixed sight-rails across the line of 
trench at an equal height above the intended bottom 
of the sewer, and to use^ a moveable rod, with a ciross- 
head upon it, to bone in everj’^ part of the. bottom ^ 
truly. This is a much better way.tlian driving ahead 
with a straight-edge and handlevel, although this meth^ 
is adopted for the short lengths of house drains* \ 

, Junction of house drains %vith brick 
junctions of the house di-ains with a sewer [.pm 
sometimes made to enter it at the bottom^ below 
surface of the ordinaxy sewage-flow,^ but 
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coniinencTed. The intention probably is to prevent 
the sewer gas passing up the drains to the liouses, but 
although this method has that effect there are practical 
objections to it, based on experience of the silting up 
of the lower ends of the drains when this method has 
b^ejti adopted; and, naturally, the velocity of the 
^%e-flow is checked whenever the sewage rises in 
thV ^wer. The preference for this method has been 
exc^X on these grounds. AU sewage matter, it is 
said, li^^uble in water, if a sufficient length of time 
is givenXj it, and with that view the size of the house 
drain is made rather larger and tlie velocity of tlie 
sewage-flow is considered as a secondary question. So 
that all be dissolved, it is supposed that a lesser 
velocity is necessary, but this can hardly be a practical 
way of looking at the thing. It is impossible to avoid 
the entry of all insoluble matter into a house drain, 
and when the junction with the sewer is made in this 
manner it is only a question of time when the lower 
end of it will be found silted up. The best point in 
the height of a brick sewer at which to make tlie 
junction of a house drain is at the haunch of tlie 
arch, or just above the springing. The passage of 
sewer gas up the drains must be got rid of by a 
proper system of ventilation at the upper ends of the 
drains. Taking the point above mentioned in the 
of a brick sewer to be the proper one, a 
jimetipn block, formed obliquely, should be set in the 
brickwork wherever a house dinin is, or may be 


tequked to be, connected with the sewer. Oblique 
lection blocks^’ are quite old things how. One of 
be^g built into the brickwork, a bend pipe is to 
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be inserted to give the lead of the house drain the 
proper direction. Their prices are about as follow, 
for 4J-in. and 9-in. brickwork respective^, viz., ibr 
6-in. pipes, Ss. 9d. and 5s. 6d. ; for Ss. 6dp» 
and Is. ; for 12-in. pipes, 8«. and 10s. 6d. eachTN 
Setver invert blocks . — For egg-shaped sewers the 
stoneware invert blocks are useful and give facilj|t;^ 
in the execution of the work. They are made tor 
4|^-in., 6-in., and 9-in. biickwork, and their prices, 
per lineal foot are about as follow, viz., for 4|‘-i|i^ 
brickwork. Is. 2d . ; for 6-m. brickwork. Is. 9d.'i 
and for 9-in. brickwork, from 2s. 2d. to 8s. 0d., 
according to the width. 



§ *X.— AREANGEMENT OF THE OUT-BUILD- 
INGS OF SMALL HOUSES. 


Those who intend to bnild houses mostly have, 
them built according to their own aiTangement and 
fancy ; and this must he so ; aiid I offer the following 
remarks only as a suggestion, but one which is founded 
on on experience of different arrangements, some of 
which, though not any less expensive, are less con- 
ceive to the convenience and health of tlie tenants 
than the one shown in. the accompanying sketch. 


For, instance, there may be a row of houses witlx 
an entry between each two of foxir, and opposite the 
ontry a common waalUxouse for the four houses. 
Tlmre can hardly b6?;a worse arrangement. When 
th^^is a common yar^to several houses it is of prac- 
Cllll^j^rtance raat outbuildings be so an'onged 
tia,i^^Ct, as C a^circumstances make possible, 
a s^^pNitration the work to be done, or rather a 
Ci^t^^^atiott of j^irsons, on one spot for the perform- 
of ai^ as, for instance, for washing. It 


is tod much. ti 
arrange 



that four women should amicably 
im that one washhouse 
ay so agree. The ar* 
'm not an invmition or 
{have found to be 
’ . ..^ 

'jjm ^ grounds 
r^|ioase,as 
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indicated in the sketch, but one cesspit for the two' 
does udl enough. 

F«. 2S 






SEWER 


PLAN 


Tliis is, ns shown, between the prhy building and 
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the wasliliouse, and one roof covers all — ^washhouse^ 
privies, and cesspit. The ends of the space occupied 
by tlie cesspit are left open. The ashes of the house- 
fires may be thrown into tliis place, or there may be a 
separate ashpit for dry ashes, as shown at the back of 
the coal-sheds. 

Each washhouse has a boiler, and every two ad- 
joining washhouses have a common chimney, and as 


Fis. 2D. 



■"I , 

li adjoins lie two cesspits it may be made to ventilate 
tjiem by ,])^aviBg a half-brick hole on each side. This 
S^ofesiseBtiai; Sufficient ventilation is afforded by 
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leaving the two ends open, as before described. In 
each w’aslihouse is a sinkstone, under the window, 
and the waste pipe from the sinkstone passes undet 
the paving of the yard and empties into the trap oppo- 
site, which is set low for tins purpose, into which also 
the house slops are tliroAvn. A trap is arranged con- 
veniently near tlie door of each house, for when there 
is no such convenient place near the door the slops are 
thrown, any where. These are but tiivial things, in 
one sense, but in tlie aggregate they are of much 
importance. The central open space shown in the 
sketch gives room for the cliildren to play in. 



§ XI.— PAVING MATERIALS. 

Tiik paving of the surface of back yards, and of all 
spaces extending for some distance from the thresholds 
of house doors, is an essential part of house dniinage. 
Without it a house cannot be kept clean, ns we have 
said in another place. Without paving, the surface of 
the ground is worn into holes, which are puddle-holes 
in wet weather, and at all times an unpaved surface 
near the common door of a house is necessarily in a 
dirty condition. 

After the house drain has been properly laid there 
is no need to again disturb the surface, and in that 
case it may be asphalted, at a cost of from Is. to 
2s. per square yard; but of course something more 
is necessary than to mix gas-tar and gi’avel together 
and lay it down, as is soifietimes done, and called 
asphalte. The pitch of gas-tar should be procured, 
and remelted, and a portion of the oil which had been 
extracted for chemical purposes should be added to 
the melted pitch. After the naphtha has been taken 
Qut ^f gas tar there remains a residue, out of which im 
oil — commonly called creosote oil, although proper 
creosote is distilled from wood-tar — is extracted, and 
is used with melted pitch to bring it back in some 
degree to a state of tar. The boiler or pan in which 
the pitch is melted should be fitted with a tap, through 
which the liquid contents may be drawn. First, put 
into the boiler 1 gallon of the creosote oil to 1 cwt. of 
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pitch ; boil them ; add more oil, up to or 2 gallons 
to the cwt. of pitch, as required. Draw off a small 
quantity into cold water from time to time and try its 
stiffiiess by dipping a straw or stick into it, and make 
it so that it will barely run down the stick ; or touch 
it with the finger, and if, on slowly withdrawing the 
finger, it adheres and follows it in a string, is of 
the proper consistency. Boil well and mix thoroughly. 
Let the foundation upon which the asphalte is to be laid 
be free from dirt. If gravel be the material used let it 
be first dried, and then pass it through a screen of 
l|f-in. mesh, then through another of §-in. mesh, and 
then take out the sand through ^J-inch mesh ; the 
coarse stuff to be laid in the bottom. Engine cinders 
are a good material. Pass them through a 2-in. 
screen; break the coarse lumps for the bottom; screen 
the. middle stuff again for the top through ^-in. mesh. 
For footpaths or yard paving, IJ- to 2-in. is a suffi- 
cient thickness ; for roads, 3 to 3 J-in. Roll each coat 
well with a 6 or 7-cwt. roller; or better, 10 cwt. Wher^ 
a number of surfaces about houses are to be paved at 
once, there need be no difficulty in finding the proper 
materials and the workmen to apply tliem. * 

The dark appearance of the asphalte can be relieved 
by sprinkling over it the siftings of clean gravel, clean 
and dry quarry rubbish, the red ashes of engine fur- 
naces, or, best of all, crushed spar from limestone 
quarries. 

Portland cement may be used for the paving of yard 
surfiices, where gravel is plentiful, in the following 
manner : — 

Let the ground be removed to a depth of 3^ inche%1 
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Mix, then, clean coarse river gravel with ground hy- 
draulic lime, or cement, in the proportion of 1 of lime 
or cement to 6 of gravel, and lay this down of a tliick- 
ness of 2 inches. Screened gravel is then to be mixed 
with Portland cement, in the proportion of 2 of ce- 
ment to 5 of gravel. This is to be deposited upon 
the previous layer before the lime has had time to 
set. The surface of this second layer is to be then 
grouted with neat cement until a fair face is produced? 
with flatting tools. Upon the neat cement clean sharp 
sand is to be spread and beaten into it. The cost of 
this, where gravel is plentiful, is 2«. 6d, per square 
yard. ^ 

The quality of the cement should be tested by 
making a bar of the neat cement an inch square and 
something more than a foot in length, and, giving the 
har 1 ft. clear bearing, jdace a weight of 36 lbs. upon 
the centre of it. This osm be done by anyom, any- 
where, while the test by direct pull requires special 
apparatus. • 

Paving-bricks make good work, especially the dust 
bricks made in Staffordshire, and the burrs made in 
Shropshire. They should be bedded in cement, with 
which also the joints should be flushed. 
f Whatever the paving be constructed with, channel 
bricks should be laid to convey the house slops to the 
guUey or drain-trap. 

Sandstone flags, such as are procured abundantly in 
Yoikshire, are perhaps the best paving materials, when 
[squared down to a depth of 2 inches on the edges, and 
olidly bedded upon a foundation of clean binders, 
avel, or brick rubbish, not less than 4 inches deep. 



§ XII.— COMPOSITION OF SEWAGE. 

Of the composition of sewage the Rivers Pollution 
Commissioners say, in their Report, dated Februaiy, 
1870, “ Sewage is a very complex liquid; a large pro- 
portion of its most offensive matters is, of course, 
human excrement, discharged from water-closets and 
privies, and also urine thrown down gully-holes ; but, 
mixed with this, tliere is the water from kitchens, con- 
taining vegetable, animal, and other refuse, and that 
from wash-houses, coutainiiig soap and the animal mat- 
ters from soiled linen. 1'here is also the drainage from 
stables and cow-houses, and that from slaught^ 
houses, containing animal and vegetable offal, I&. 
cases where privies and cesspools arc used instead of 
water-closets, or these are not connected with tlie, 
sewers, there is still a large proportion of humsb 
refuse in the form of chamber slops and urine. In 
fact, sewage cannot be looked upon as composed 
solely of human excrement diluted with water, but as 
water polluted with a vast variety of matters; soiix^« 
held in suspension, some in solution.** 

In December, 1869, Mr. Edward Smith, F.C.S., read 
a paper before the Torquay Natuial History Society, 
which he called ‘‘ The Chemistry of Sewage ** and ip 
which he estimates the bulk of excreta at 10 cubic feet 
per annum per head of population, and its weight 
680 lbs. The fceces form and the urine -ft* of 
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bulk, or 1 cubic foot faeces and 9 cubic feet urine per 
head per annum. 

Food is partly assimilated and partly excreted as 
urine and faeces. The urine c^sists of water holding 
in solution a highly nitrogenised body called urea, as 
well as sulphates and phosphates of soda and potash, 
ana common salt. The feces consist of those sub- 
stances which have not been digested, such as disinte- 
grated muscle, bone, or mucus, and those salts which 
are insoluble in water, viz., phosphate of lime and 
phosphate of magnesia. The urine yields — by drying 
or evaporation — about 4 per cent, of dry solids, and 
the feces yield, by drying, about 26yer^' cent, of dry 
solids. Thus, speaking broadly, the mixed excreta 
contain urea, with phosphates and sulphates of soda, 
potash, lime, and magnesia. But the nitrogen of the 
urea is readily converted into ammonia, that is, into a 
compound of nitrogen and hydrogen, the ferment or 
active agent of the change being a peculiar nitrogenous 
sub^ance always voided jvith the mine. Therefore 
we may put the available educts of excreta as am- 
monia, phosphoric acid, sulphuric acid, potash, soda, 
lime, magnesia. The human excreta simply represent 
the ingredients taken from the soil in the shape of 
wheat, potatoes, sheep, or oxen, and these alkaline 
phosphates and sulphates are as essential to the growth 
of vegetables as food is to man.’* 

In Krepp’s ** Sewage Question ” it is stated that 
the average of the^'^itimates of Liebig, Lawes, Hof- 
mann, Witt, Way, Thudichum, Boussingault, Stock- 
liardt, Saussure, and others, is as follows ; — 
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Per day. 

Per annum. 

Solids (about MOth of bulk) . 
Fluids ^about 9>ltlths of bulk) . 

0-24 lbs. 

1 ‘Oft lbs. , 

87-60 lbs. 
711*75 ib». 

1-89 0. ft. 
11-29 0. ft. 


2 19 lbs. i 

1 

799*35 Ibst 

1 

12-68 c.ft. 


The four principally useful ingredients of an average 
individual are said to be — 



Fmccs. 

Urine. 

Total. 

Ammonia (nitrogen) 

Fbosphato of limo (phosphoric acid). 

Potash 

Organic substances . . . . 

1*49 lbs. 
2*<)0 lbs. 

0 *25 lbs. 
10*51 lbs. 

9-38 lbs. 
2-80 lbs. 

1 -08 lbs. 
22 -49 lbs. 

10-87 lbs. 
4-80 lbs. 
1-33 lbs. 
33-00 lbs. 


14 *25 lbs. 

36.75 lbs. 

60-00 lbs. 


The solid and fluid excrement is thus again di- 
vided : — 



Feeces. 

Urine. 


per cent. 

per cent. 

Water 

75 

93*99 

Organic substances' 

12*20 

4*15 

Nitrogen* 

1*40 

1*42 

Phosphoric acid f 

1*06 

0*24 

Potash . - 

0*29 

0-20 

Insoluble silica 

1*48 


Oxide of iron 

0*54 


Lime 

1*72 1 


Magnesia 

1*56 


Sulphuric acid 

4*27 


Soda 

0*61 


Chloride of sodium 

0*18 



* Nitrogen equal to ammonia .... Fmcee 1^0 

Urine 178 . 

t Phosphoric acid equal to phosphate of lime . Faeoca 2 '30 

Unne 0*32 
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Prom Dr. Letlieby’s ‘‘ Notes and Chemical Ana- 
lyses/’ reprinted from the Medical Press,” it appears 
that the average proportions of organic and mineral 
matters per gallon of London sewage, taken from ten 
different parts of the city, were as follows : — 


Number of Grains op Solid Matter in 70,000 Grains (being 
1 Gallon) of Sewage. 



1 

Organic. 

Mineral. 

Total. 

In solution 

15-08 

40-66 

55 74 

In suspension 

1700 

21-09 

38*15 

Total 

82 14 

61-/ 5 

93*89 


Leicester Sewage. 


In solution . 

In suspension . 

• 

• 

13-49 

6*50 

56-51 

13*65 

70-00 

19-15 


Total 

• 

18-99 

70-16 

89-15 


Tottenham Sewage. 


In solution . 

In suspension 



9-49 

14-68 

45-01 

25-46 

54-50 

39-99 


Total 

• 

24-02 

70-47 

94*49 


In the Eeport of the Royal Commission on the pol- 
lution of rivers, issued in February, 1870, 21 analyses 
of London sewage are given, the averages of which are 
as follow: — 

Total solid matters in solution, 64*54 in 100,000 
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parts by weight, which would be 46*18 in 70,000= 
45*18 grains in a gallon. 

In suspension 27*04 organic matter. 

42 '46 mineral ,, 

Total 69*50 in 100,000 parts by weight, which would be, per 
gallon 18*93 organic. 

29 '72 minci-al. 

Total 48-65 

In the same table of the Report are 29 analyses of 
the sewage of 16 other places — large and small towns 
— the averages of which are as follow : — 

Total solid matters in solution, 77*74 in 100,000 
parts by weight, which would be 64*42 in 70,000= 
64*42 grains in a gallon. 

In Buspensiuii 15 '97 organic matter. 

14*05 mineral „ 

Total 30*02 in 100,000 parts by weight, which would be, 
gallon 11*18 organic. 

9 *83 mineral. 

TotBl 21*01 

In the foregoing 16 towns water-closets are in use, 
but by another table of analyses of the sewage of other 
places where water-closets are not in general use — 
called midden towns ** — ^it appears, from the same 
Report, that the proportion of solid matter in the 
sewage is quite as great; e.g., 87 samples showed an 
average quantity of solid matters in solution equal to 
82*4 ports in 100,000 parts by weight, or 67*68 in 
70,000=67*68 grains in a gallon. 
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111 snspensioii 21 ‘30 organic matter* 

17*81 mineral „ 

1 - 

T^tal 39 ‘11 in 100,000 parts by weight, which would be, per 
gallon 14 ‘91 organic. 

12‘47 mineral. 

Total 27*38 

This is contrary to what one would suppose, hut in 
these ‘‘ midden towns ** we know that a drain is or was 
commonly laid between the bottom of the midden and 
the sewer, by wliieh means the ftecal and other matter 
was washed away in wet weather into the sewers, and 
this may account for there being cvei)' more solid 
matter in the sewage of these towns than in that of 
tliose where middens so drained do not exist. 



§ XIIL— DISPOSAL OF SEWAGE. 

In animal and vegetable life a constant round of 
clxanges is going on. Vegetation feeds upon decom- 
posed vegetable and animal matter, converting sub- 
stances noxious to the life of animals into healthy 
vegetation, when dissolved by water and taken up by 
the rootlets of the plants and converted into sap. 
The same vegetation, after a sufficient growth, is in its 
turn the food of animal life, which, in the process of 
its growth, throws off the refuse to feed vegetation 
again. Of the effete organic matter to be removed 
from the premises of houses, that which is of animal 
origin is destructive to the healthy ^ife of animals, but 
it is the sustenance of the life of plants, and, through 
them, of the animals which feed upon them. To l^^g 
back the same elements which were poisonous to 
animal life in the fonn in which they were thrown off 
from it, they must undergo the complete transforma- 
tion which passing into vegetable life involves, before 
they are rendered again fit and proper food for ani- 
mals, — ^the elements, that is to say, not their husks, orr 
embodiment. 

The process of cleansing sewage is essentially a 
chemical one, either natural-chemical or artificial-che- 
mical. The sewage may be so exposed to the action 
of atmospheiic air that the organic matter becomes 
oxidised and changed into harmless substances, which ^ 
is a natural-chemical process. 
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Sewage should be conveyed to the earth as quickly 
as possible afbcr its delivery at the end of a drain or 
sewer, and should be kept moving, for it is stagnation 
of the sewage which causes a nuisance, and it is pre- 
cisely stagnation which prevents the sewage being 
used profitably, A water-logged soil will grow nothing 
of any value. There must be motion in the sewage,— 
slow, of course, but still, movement. 

The pores of the earth are at all times filled with 
either air or water. When the one is expelled the 
other takes its place. Some part of the organic matter 
of the sewage — that which is already yi the proper 
stage of decay to be assimilated by vegetation — ^is at 
once removed in that way ; another part is stored in 
the earth, awaiting its further stages of decay, while, if 
the quantity be large, and more than these two pro- 
cesses can deal with, the surplus is carried down below 
the toj) soil, and would run off unpurified, but that, by 
laying drains at a sufficient depth, air is allowed to 
penetrate the pores of the earth, which changes the 
decaying organic matter into harmless substances, by 
a process of oxidation. If sewage be allowed to flow 
over a piece of land for a time, and then be shut off 
from that particular piece, it passes down into the 
k drains, being followed in its progress through the 
pores by atmospheric air, which become filled there- 
with as they were before the air was expelled by the 
incoming sewage water. It requires a considerable 
time for the exhaustion of the sewage frefm the pores 
down to the level of the drains, for the exhaustion 
proceeds at a rate less and less every hour after the 
stoppage of the flow. If the sewage run on to a piece 
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of land for 6 or 8 hours, it may require the next 18 or 
16 hours for tlie ground to be renewed with fresh air ; so 
that the whole area should be divided into 3 or 4 areas, 
on to which the sewage should be made to flow in 
turns. This is the method of intermittent filtration, 
and by it a much smaller area of land is required to 
purify a given quantity of sewage than is required in 
the ordinary method of irrigation — not more than one- 
tenth as much ; but there is less profit in its use. In 
order to apply sewage to laud with profit, there should 
be an acre to from 50 to 100 of the contributing popu- 
lation — more or less according to the nature of the 
land and the crops grown. 

Mr. W. Hope, V.C., who is an authority on the 
utilisation of sewage by way of irrigation, says that 
50 persons to an acre are too many, and that a given 
quantity of sew'age may be more profitably utilised by 
apportioning an acre to every 20 or 30 persons. Never- 
theless it would seem that in situations where so 
much land as that would require cannot be hacf, an 
acre to from 60 to 100 persons suffices to cleanse the 
sewage. 

Sewage irrigation, as ordinarily practised, is a kind 
of intermittent filtration, but instead of the pores of 
the ground lying exposed to air, as in intermittent 
filtration, for 16 or 18 hours, the sewage continues to 
flow over the same area for days together. The puri- 
fying effect of the porous ground over which sewage is 
made to flow intennittently is proportionate to the 
extent of its pores, or to its cubic capacity, within 
moderate range, so that if the drains are laid at a 
depth of 6 feet below the surface the purifying effe<^£ 
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of an acre of ground is equal to that of two acres when 
the drains are only half that depth. Drains are 
equally necessary whetlier the sewage he used by way 
of irrigation or by way of intennittent filtration, but in 
the former case the effect is dependent rather upon the 
extent of surface than the depth of drained ground. 
Different kinds of soil affect the cleansing of sewage 
differently. A clayey soil seems to possess the requi- 
site properties in a greater degree than others : but if 
the land be a stiff retentive clay it is so dense, of itself, 
that a larger area is required, while sand of itself has 
no purifying properties other than those ydiich porosity 
gives it. A mixed soil, of clay, sand, and lime, would 
seem to be the best. 

In country places, where houses are situated widely 
apart, the sewage may be taken separately from each 
house to the nearest available piece of land. Where 
houses are near together it is more advantageous to 
lay a common sewer into which the separate houses 
may be drained. 

The “ Automatic Sewage Eegulator,” recommended 
by Messrs. Bailey Denton and Eogers Field, is the 
means of applying small quantities of sewage to land 
beneficially. Unless sewage comes on to land in suffi- 
j oient quantity to cause a smart flow it cannot be dealt 
with properly; it cannot be turned in the various 
directions required from time to time. The regulator 
stores up in a tank the dribble of sewage from », 
few houses, and when the tank is full it is emptied 
automatically through a syphon pipe, and flows 
on to the land in a proper stream while it does 
fioWi Thus each tankful may be turned on to any 
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part of tlie land requiring it, which may afterwards 
he allowed to rest and become aerated before other 
sewage is turned on to it. Mr. Joseph Hutchinson, 
22, Whitehall Place, London, supplies all particulars 
required. 

In some situations it would be impossible to place 
the sewage on land for irrigation or intermittent filtra- 
tion, unless at too great an expense of pumping or 
otherwise. 

In these (iases the old plan of precipitation of the 
suspended matter is adopted, and the clarified liquid 
— ^the water — is run off into the natural watercourses. 
It must be admitted that by this i)lan, although it is 
economical in tlie first outset, the greater part of the 
fertilising value of the sewage flows off' with the water, 
and that what is left behind in a solid state is not of 
much value — not more than one- seventh of the whole 
value, — the fertilising elements in solution being of a 
value six times tliat which is held in suspension, and 
which can be precipitated. Nevertheless, when it is 
impossible to adopt a system which saves more of the 
fertilising ingredients, this plan is one to which atten- 
tion is turned with the view to apply it in the most 
effective manner. The sewage is received into tanks, or 
into tank-sewers, or tunnel-sewers, so arranged that it is 
allowed to come to rest in one of them while another 
is being filled. The precipitation of the solid matter 
is hastened and made more perfect by the addition of 
some ingredient (as sulphate of alumina), which causes 
the solid matter of the sewage to flocculate and &I1 
quickly to the bottom, and, in order to prevent any > 
fermentative action, by which a scum would rise ^ 
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the surface, a small quantity of lime is added to the 
sewage before it arrives at the end of the sewer. 

Mr. Hawksley, C.E., has recommended for Bir- 
mingham a cheap sulphate of alumina, and afterwards 
a small quantity of the milk of lime, to cause an alka- 
line reaction, by which the effluent water is rendered 
clear and inodorous. 

The system of Mr. E. Hille is similar ; but he uses, 
in addition to lime, tar and the salts of magnesium, 
and the products arising from the calcination of lime. 
By this process the effluent water is brought to a state 
of comparative purity, and is afterwards fi tered inter- 
mittently either through artificial filters or througli 
land. 

By the tank system the supernatant water is run off 
in a clear state, and it is the better way to run it oft' 
from the top downwards. This is done either by a 
floating weir or by a vertical pipe, made in sections to 
stand one upon another, a section being raised from 
time to time as the water sinks by flowing oft’. This 
vertical pipe may also be used as the overflow outlet. 

Legal and other processes . — It has sometimes oc- 
curred that the distinction between those works 
which the Sanitary Authority are to do, as the 
^^ublic body, and those which owners of private 
property ai*e to do at their own expense, has not 
been at once perceived. We propose, therefore, to 
point out a few of the, sanitary laws and customs. 
There are two main divisions of the subject ; (X) tliat 
which embi’aces what the Sanitary Authority are to do, 
and (2) that which private persons are to do. This 
latteir, again, is subdivided into that which the owner. 
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is to do, and that wliich is to he done by the occupier. 
The occupier, as a rule, is to remove all nuisances 
which are not caused by the want of structural conve- 
niences on the premises ; the owner is to do all struc- 
tunil work necessary to enable the occupier to keep the 
premises in proper sanitary condition ; and the Sani- 
tary Authority are to do the rest. But, in general, it is 
iiecessary that the Sanitary Authority should do their 
I)art of the work first, in order that the owners of 
property may be enabled to do their part, even as it is 
ill many cases necessary that owners should do their 
part before the occupiers can do theirs ; as, for in- 
stance, when the nuisance arises from the want of a 
house-drain, a sewer is first required with which it 
may be connected. It is stated in section 16 of the 
Act that “ Every local authority shall keep in repair j 
all sew(‘rs belonging to them, and shall cause to he 
made such sewers as may he necessary for effectually 
draining tlieir district for the purposes of this Act/’ 
And in order to do this they may la}^ any sewer in any 
public road or street or other ground now occupied'as 
a road or street, or which is intended- to be given up 
for that purpose ; and if it is necessaiy to lay a sewer 
through private land within the district in order the 
better to comjilete the system of sewerage, it may be 
laid after giving reasonable notice in writing to the*" 
owner or occupier of the intention to do so (the land 
and all damages being, of course, paid for). And, 
further, if it is necessary in order to procure a proper 
outfall for the sewage, or for its distribution, that a 
sewer be laid beyond the district boundary, it may be 
so laid by giving three months’ notice of the intehtiaB,-^ 
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by advertisement in one at least of the local news- 
papers. The notice is to contain all such particulars 
of the intended work as may be sufficient for the 
understanding of the intention by every person inte- 
rested, and it is to state where a plan of the intended 
work may be seen. 

When land is required for the purposes of the Act 
it is taken either by agreement or under the powers of 
the Lands Clauses Consolidation Acts; but before 
putting in force any of the powers of these Acts the 
local authority are to publish in a local newspaper 
once at least in each of three consecutive weeks in 
November an advertisement describing t/^e nature of 
the works for which the land is required, and stating 
how much is required, and where a plan may be seen ; 
and are further to ser\'e a notice in the month of 
December on the owner and lessee and occupier of the 
land, and requiring an answer whether the person 
assents, dissents, or is neuter in respect of taking the 
land required. The local authority then furnishes the 
information to the Local Government Board, and asks 
that they be allowed to put in force the Lands Clauses 
Consolidation Acts, whereupon the Local Government 
Board will direct a local inquiry to be made as to the 
proprietyrf)f making a provisional order in the matter, 
and if the government engineer who holds the inquiry 
approve of the plan the provisional order may be 
made, and the local authority are to serve a copy of it 
bn the owner, lessee, and occupier of the land pro- 
posed to be taken* 

As to serving the notices in the months of November 
fSOft. December as above-mentioned, they maybe served 
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in September and October, or in October and Novem- 
ber, provided that in either of these cases an inquiry 
preliminary to the provisional order shall not be held 
until the expiration of one month from the last day of 
the second of the two months in which the notices are 
given. 

When it is desired to borrow the money for perma- 
nent works from the Public Works Loan Commis- 
sioners and to spread the repayment over a term of 
years, an engineering inspector of the Local Govern- 
ment Board usually holds a local inquiry into the 
merits of the proposed works, at which inquiry all 
parties interested may be heard, either for or against 
the proposal, and he reports for or against the request 
to the Local Government Board. Certain forms are 
furnished by the Board to be filled up by tlie .engi- 
neer acting for the local authority, describing the 
nature and extent of the works and the estimate in 
detail, together with other particulars. At such an 
inquiry it is very deskable to have at hand |very 
detail, both of the intended construction of the works 
and the estimated cost, the nature of the ground, and 
so on. The estimate is the chief thing to be inquired 
into, no doubt, and of course this cannot be accurately 
made out until both plans and sections aren^made, as ^ 
well as detailed drawings, even though they be made 
out only in the rough; but it is certainly better on 
all hands (if time will allow of it, which it sometimes 
will not) that the plans should be wholly completed 
before the inquiry takes place, and not oply so, but , 
that duplicate plans and sections should be famished.^ 
A civil engineer of much experience is apt to thinly,; 
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little of these formalities, and to rely upon the merits 
of his plan even though they may be unseen, but it is 
better not to trust to this. 

By the 23rd section of the Act, Where any house 
within the district of a local authority is without a 
drain sufficient for effectual drainage, the local autho- 
rity shall by witten notice require the owner or occu- 
pier of such house, within a reasonable time therein 
specified, to make a covered drain or drains emptying 
into any sewer which the local authority are entitled 
to use, and which is not more than 100 feet from the 
site of such house ; ” and goes on to say.^hat if there 
is no sewer within 100 feet, then that the drain is to 
empty into a covered cesspool or other place. 

Here, it may be observed, there seems to be some 
contmdiction between this and the 94th clause, which 
has a provision that where the nuisance arises from 
the want or defective construction of any structural 
convenience, notice is to be served on the owner ; and, 
in general, the owner is to lay the drain and do all 
other constructive work within the curtilage of his own 
premises. 

If the notice is not complied with the local authority 
may, after the expiration of the time specified in the 
j^otice, do the work and recover the expenses from the 
owner. 

The execution of the sewers is usually let by con- 
tract, as a whole, and the private drainage work is some- 
times done by each owner of property employing whom 
he likes to do the work, and sometimes it is done by the 
same contractor who does the sewerage work, at a 
l^chedule of prices agreed upon previously. By the 



148 


SANITARY WOltK. 


latter method the owners of property have a guarantee 
that the prices are fair and equitable, without being, 
on the one hand, so small that the work cannot be 
properly done for them, or, on the other, exorbitant. 
By the former method the persons employed do not 
always know what the work is worth, beforehand, not 
being much accustomed to the kind of work, and if 
they are asked to say beforehand what they will do 
the work for they are more likely to over-estimate than 
to under-estimate the cost of it, and in that case the 
owner of the property suffers a loss, but it sometimes 
happens that he who is to do the work under-estimates 
its worth, and when that is so he eitlier loses money or 
his efforts to recoup himself lead to bad work being 
done. Nevertheless there are advantages in employing 
local men to do the private drainage work, for they i 
thus become, under proper supervision, educated to 
tlie kind of work required. 
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THE SMALLEI^ TOWNS AND IN VILLAGES. 


PART 111 . 

WATER-SUPPLY, 

§ XIV.-QUANTITY. 

A WATER supply is usually reckoned in point of 
quantity on the number of gallons per head of the 
population per day. At this rate the quantity actually 
supplied to towns varies from twenty in some to forty 
in otliers, in the majority of cases, and of these most 
incline towards the smaller number. There are ex- 
ceptional cases where the supply is greater than the 
higher number, and others where it is smaller than the 
lesser number, but in most cases the quantity is 
between twenty and forty, and the average of all is 
probably not far from twenty-five. These differences 
in the requirements of different places seem to be' 
attributable for the most part to the condition of the 
distributing pipes and the house-fittings. Where 
these are of bad construction the quantity of water 
unavoidably wasted is very great, and as the quantity 
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is reckoned upon that supplied rather than upon that 
used, the waste is included, and swells the amount to 
something beyond all reasonable limits when the 
quantities actually used for the separate puiposes of a 
household are reckoned up. 

But besides this cause of difference, resulting from 
the condition of the distributing pipes and house- 
fittings, there is a difference in^ the requirements 
between a purely agricultural district and a mining 
and manufacturing district. In the former a smaller 
quantity of water is required for personal washing, 
and especially for clothes-washing, and less also, is 
required for the general cleanliiif of houses in an 
atmosphere free from smoke and dus*:, than when the 
air is loaded with both ; and according to the present 
constitution of rural sanitary districts many j)laces are 
included in them in which a large quantity of water is 
required for these purposes. 

It is not so much the question how little can people 
do with, or what quantity they use when they to 
fetch it from long distances, but — ^what qua^i^pey 
legitimately use when the houses and pr^^iuses, and 
the clothes and persons of households, enjoy a con^- 
dition of cleanliness. 

The actual quantity used varies in a;^|nvers6 ratio 
with the quantity of dirt about a househoH. 

Where the water-supply is deficiwt, exp^ence 
proves that neither persons, cloth^^ nor houses are 
kept in a state of cleanliness, and whi^re circumstances 
make personal cleanliness impossible there must surely 
be misery. When a workman, whose occupation is a 
dirty one, comes home, if he could plunge, into water 
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and get the dirt off him he would be set up for the 
evening, and be more inclined to stay at home than he 
is where all is dirt around him. 

One must consider that there are two kinds of dirt : ‘ 
the one mineral, jind inoffensive ; the other is refuse 
organic matter. Wc do not feel defiled by contact 
with the one, hut contact with the other is abhorrent, 
and there ought to %e in every household a sufficient 
(luantity of water to wash it oft* frequently. Those 
who suffer tlie dirt which is caused by the perspiration 
of the body tp linger undornoath the clothes, out of 
siglit, are ess j ^ially dirty. We cannot ^till be rich, 
but we can ali i ; 

The whole -ivV'.y ' quantity of a water-sui)ply is 
divided into tliree v'/utions, viz., (1) for domestic use, 
(2) for public sanitary purposes, (3) for trades* pur- 
poses. The first two are everywhere required, and 
may he taken together as follows, where the dis- 
tributing pipes and house-fittings are of good con- 
strtiilligi and their condition properly attended to. 
\^ ^q Pl ^ j^^-r'occupation of the bulk of the people is 
not a mrty fifteen gallons per head of the popula- 
tion per day. Where the occupation of the bulk of 
the people ii.^, dirty one, as in a mining and manu- 
facturing di twenty gallons per head per day. 
For trades^, proses the quantity varies greatly in 
differ^ place^^^li some it is half as much as the 
quantity used ^ domestic and public sanitary 
puiTposes togetheri‘ but it so completely depends upon 
the necessities of the locality that nothing definite can 
be stated for it. Whatever it may be in any locality it 
is to be added to the quantities given above. For 
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trades’ purposes, water is mostly supplied by meter and 
charged at a price per thousand gallons. Supposing 
the quantity required for trades* purposes to be one- 
third of the quantity required for domestic and public 
sanitar}’’ purposes together, the total quantity would 
be from twenty gallons to twenty-seven gallons per 
head of the population per day, accordingly as the 
occupation of the bulk of the i^eojie is not, oris, a dirty ‘ 
one. And these would be the quantities where the 
house-fittings are of good construction and where 
proper precautions are taken to prevent waste. They 
are far less than the actual quantities supplied in many 
towns, but the surplus is wasted. The late Mr, James 
Simpson supplied to the Eoyal Commission on Water 
Supply a list of fifteen towns in which the average 
quantity is 21 gallons for domestic purposes, andi 
22i gallons for all purposes; and Mr, Bateman 
supplied a list of eight or ten towns in which the 
average domestic supidy is 25^ gallons, and the to^l 
supply 80^ gallons j^er head per day. In these 
averages the quantity taken for other than domestic 
purposes is about one-fifth of the domestic supply; 
but it is to be remembered that the quantity set down 
as for domestic purposes is not a measured quantity, 
but is the result of deducting the trade supplies fron^ 
the total known supply, and therefore includes the 
waste, which, in some towns where the house fittings 
are of old construction, is very great; and when wftate 
is prevented the fixed quantity required for tmdes’ 
purposes bears a greater ratio to the domestic supply. 

Examples of The, charge for the do- 

mestic supply is about, on an average, five pe/ 
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cent, on the rateable value of the house, or one 
shilling in the pound; but it varies, both in dif- 
erent places and with the rental. The scale gene- 
rally begins with houses not exceeding £4 a year, 
which are charged at the rate of Id. a week, or 
As. 4d. per annum, and follows on nearly at the rate of 
one shilling in the pound, reducing, however, as the 
rent advances, so that a £50 house is perhaps charged 
at 47a., a £75 house at 70«., and a £100 house at 90s. 
Of course the original cost of the works influences 
the scale a little more or less, but the figu^is above are 
not unusual ones. 

For trades’ purposes water is supplied either by 
meter or by a scale of charges. There are some 
trades in which the quantity is not great enough to be 
metered. The price per 1,000 gallons is reduced with 
the increase in the quantity taken, and rapidly so 
where the water is supplied by gravitation. 

For instance, the Manchester scale is, for a quarterly 
consumption not exceeding 6,000 gallons, 2s. per 
1000. If the quantity be 10,000, it is la. 10|^d. ; if 

20.000, 1«. 9d.; 50,000, 100,000, 1/;. 3^e2.; 

150.000, Is. 2d.; and so on until when the large quan- 
tity of 500,000 gallons per quarter is taken tlie charge 
^s lOd. ; for a million gallons, 7id., and 3 millions less 
than 6d. per 1000 gallons. 

Then there are annual charges by scale, such as 
£5 per annum for a brickmaker’s stool. 

10a. „ for a smithy Are. 

21s. ,, for a slaughter-house. 

21a. ,, for a warehouse. 

4s. .. for each cow. 
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4s, ,, for each horse (private^. 

73. „ „ .at livery stables. 

3s, ,, for a 2-wheel carriage. 

5s. ,, for a 4-wheel carriage. 

6(?. ,, per head in manufactories. 

Private baths are included in the charges for do- 
mestic purposes — as, indeed, would seem to be reason- 
able in all cases. • 

The domestic and public sanitary rate in Manchester^ 
is arranged in a way which has been since followed 
elsewhere. Instead of levying the whole amount re- 
quired (Is. in the £) on house property, the rate is 
divided thus ; 9d. in the £ on houses, which is called 
the domestic rate, and 3d. in the £ on all rateable 
ju'operty alike, including mills, manufactories, &c.^ It 
is evident that a supply of water, always under pressure 
in the street mains, day and night, is of value to pro- 
perty in general, as well as to dwelling-houses, and the 
proportion fixed upon at Manchester was 3d. for 
public and dd. for domestic purposes; but the pro- 
portion is subject to variation ; in Liverpool the public 
rate is 3d. and the domestic rate only 4Jd. 

The Leek scale for trades’ purposes, other than those 
charged by meter, is as follows, per annum. 

Barber’s shop, using wash-hand basin . 5 ' 0 u 
Building brick walls (per cubic yard, Id.) 

Building a house, one year’s water-rate 
Builders’ and wheelwrights’ shops, per bench 0 4 
Coopers and wood-turners, per person 
employed . . . . • .04 

Curriers, per person employed . ..16 

Cows, each 3 0 
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Horses, each 

3 

0 

Carriages used for hire, each . 

4 

0 

Ditto not used for hire . . . . 

2 

0 

Drug shops, per person employed 

2 

0 

Blacksmith’s shops, per hearth . . . 

2 

0 

Printing offices, per person employed 

1 

6 

Plumbers, painters, and i)aper-hangers, 



per person employed . . . . 

0 

4 

Silk twisters, per gate .... 

2 

0 

Slacking Ihne, per cwt. • . . . 

0 

1 

Surgeries, per person practising 

2 

0 

Water-closets in mills, workshops, and 



public buildings, each 

10 

0 


Hotels, iims, and public-houses (having 
stables), 30 per cent on the domestic 
rate. 

Eating-houses, 20 per cent, ditto. 

Warehouses, lock-up shops, and offices, 
from 15 to 30 per cent, of the rate 
charged on dwelling-houses of equal 
value. 

By meter the charge varies from Is. 4d. per 1000 
gallons for a consumption of 6000 gallons per quarter, 
to 1«. per 1000 for 10,000, 9d. per 1000 for 20,000, 
for 40,000, 6d. for 100,000, down to 6^. for 
200,000 gallons per quarter. 

In the Stockport scale brewers are charged as fol- 
lows, on the qoantity.of malt brewed per annum, 

For any quantity not exceeding 50 loads .£110 0 
Above 60 loads, and not exceeding 100 loads 2 10 0 

„ 100 „ „ 160 „ 8 6 0 
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Above 160 loads and not exceeding 200 loads 3 17 6 


400 „ 

9 9 

600 „ 

6 

19 

9 

... ,, 

99 

... ,, 

. 

• 

• 

900 „ 

99 

1000 „ 

8 

4 

9 

1400 

99 

.... ,, 

1500 

• 

10 

• 

3 

6 


Notey a load = 6 bushels. 

At Norwich the charge for domestic*’ purposes, 
wliich does not, however, include a bath in a house, 
which one would suppose to be one of the most neces- 
sary of domestic pui^poses, is 4s. 4cL a year when the 
rent (not the rateable value) is less than £5 a year. 
Wlien that is as much as £5 and is less than £100, 
the charge is 5 per cent, on the rental, or Is, in the £, 
When the rent (i.c., the net rent at which the house 
would let to a tenant from year to year) is £100 or 
upwards, the charge is 4 J per cent, on the rental. The 
charges for other uses than those charged by meter 
are as follow, per annum ; — ^ 

Greenhouses, 4d. per square yard of site. 

Gardens attached to houses, and included in the 
rent, 2s, for every 10 rods. 

Gardens not attached to houses, 2s.Sd. for every 10 rods. 

One horse, 6«., and each additional one, 4s. 

Each 4-wheel carriage, 6s.. 

Each 2-wheel carriage, 4s. 

Street watering. Id. per square yard watered once a 
day, or 2d. when watered twice a day. 

For special protection against lire, and not to be 
used for any ottier purpose, 8s. for one opening, and 
2s. for each additional one. 
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The honse-serrice pipes are to be of lead, unless 
otherwise agreed upon, and are not to be of less than 
the following weights, namely, 

f -inch pipe 5 lbs. per yard, 
i ,, 7 lbs. ,, 

^ 9 lbs. ,, 

I ,. nibs. „ 

1 ,, 16 lbs. „ 

li „ 22Jlbs. „ 

These pipes are heavier than those in some other 
places, as, e.jf., at Yarmouth. 


YABMODTH. 

J-in. pipe, 6 lbs. per yd. 
I „ 6Jlbs. „ 

I 8 lbs. „ 

I 11 lbs. „ 

„ 14 lbs. „ 

COVENTIIY. 

-in. pipe, 7 lbs. per yd. 
nibs. 

16 lbs. ,, 

, 22 lbs. „ 


DUBHAMf' 

^-in. pipe, 4^ lbs. per yd. 

i » bj ,, 

I 12 „ 

1 „ 19i „ 

LEEK. 

f-in. ])ipe, 4 lbs. per yd. 
5 lbs. 

7 lbs. 

11 lbs. 


ALDEBSHOT. LAMBETH. 


pipe, 

B lbs. per lb. 

f-in. 

pipe, 

6f lbs. 

per yd 


7 lbs. „ 

1 

II 

9f lbs. 

II 

« 

9 lbs. „ 

n 

II 

12| lbs. 

II 

II 

11 lbs. ,‘, 

u 

II 

15f lbs. 

II 

II 

16 lbs. „ 





• >1 

22^ lbs. „ 







§ XV.— QUALITY. 

But it is necessary to consider the quality equally 
with the quantity of a Water-supply for general use, in 
respect of its hardness ; and without going into any 
medical question of whetlier hard water is injurious 
for dietetic purposes, I tliink it will be found upon 
inquiry into the best testimony on this subject that, 
for general use, a Water-supply should not be of a hard 
character. 

I separate the characters of water in this respect by 
saying that water of not more than 5 degrees of hard- 
ness, by Dr. Thomas Clark’s scale, is soft water, 
and that 16 degrees of the same scale indicates hard 
water.* 

The Chemical Commission, appointed by Govern- 
ment to investigate the qualities of various waters, 
reported tliat ‘‘it may be useful to distinguish ^e 
quality known as the ‘hardness’ of water according as 
it is of a temporary or permanent character. Perfectly 
pure or soft water, when exposed to contact with chalk 
(cai’bonate of lime) is capable of dissolving only a very 
minute quantity of that substance; one gallon of water, 
in weight equal to 70,000 gi’ains, taking up no more 
than 2 grains of carbonate of lime. This earthy 
pregnation is said to give the water two degrees of hard- 
ness. But waters are often found containing a much 
larger quantity of carbonate of lime, such as 12, 16, 
or even 20 grains and upwards in the gallon. In sucl^ 
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cases the true solvent of the carbonate of lime, or at 
least of the excess above two grains, is carbonic acid 
gas, which is found to some extent in all natural 
waters. But this gas may be driven off by boiling the 
water, and the whole carbonate of lime then precipitates 
in consequence, or falls out of the water, with the ex- 
ception of the two grains which are held in solution by 
the water itself. The gas-dissolved carbonate of lime 
gives therefore temporary hardness, curable by boiling 
the water.” 

Other salts of lime, such as sulphate of lime, are 
generally dissolved in water without the intervention 
of carbonic acid gas, and therefore remain in solution, 
altliough the water is boiled, imparting hardness.*’ 

The Commissioners also say, ‘^In the washing of 
the person the saving of soap by the use of soft water 
is most obvious. For baths, soft water is most agree- 
able and beneficial, and might contribute greatly to 
their more general use. Its superior efficiency to 
hard water in washing floors and walls is calculated 
also to promote a greater cleanliness in the dwellings 
of all classes, both within doors and externally ; while 
in the occasional domestic washing of linen the smaller 
preparation necessary for washing in soft, as compared 
with hard water, the saving of soap which would then 
be sensible to its full extent, and the more easy and 
agreeable nature of the operation, would make a supply 
of soft water in a high degree desirable.” 

The Royal Commission on Water-Supply, who re- 
ported in 1869, took evidtoce on the question whether 
hard or soft water is; be preferred for a general 
supply. 
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Dr. Edmtmd A. Parkes^ in answer to the question 
(No. 3126), “ Would 16 or 20 degrees of hardness be 
prejudicial?** says “I think that that degree of hard- 
ness would be certainly prejudicial. I think that very 
probably it might disagree with a great many people ; 
but sui^posing it reached to 8 or 10, or 12 degrees of 
hardness from carbonate of lime, it might be consi- 
dered px’obably good water as far as that was con- 
cerned, but I should draw a marked distinction 
between tliat and the hardness arising from sulphate 
of lime, or sulphate of magnesia, or chloride of cal- 
cium, XV Inch would certainly disagree in much smaller 
quantities, so that the goodness of water for drinking 
puiposes I xvould estimate according to its permanent 
hardness rather than according to its temporary hard- 
ness.” 

Dr. Lyon Playfair says, in answer to question No. 
2646, et seq,, that, as a sanitary question, if the water 
is otherwise pure he does not think that mere hardness 
is of much importance as to health, but that it is of 
the greatest importance as regai’ds the economical use 
of the water ; that less soap would be required ; that 
cleanliness is promoted by the use of soft water, both 
with regard to personal cleanliness and washing, and 
that there is considerable economy in the use of soft 
water, compared with hard water, in respect of wear 
and tear of clothes in washing. Evidence of similar 
import was given by Mr* John Simon, Dr. J. A. 
Wanklyn, Professor OdUng, Dr. W. A* Miller, and 
Dr. Angus Smith. 



§ XVI.— SOUECES OF SUPPLY. 


Brooks and small streams in valleys are not desi- 
rable sources of water supply ; the quantity of organic 
matter they contain, in comparison with the quantity 
of water flowing in them, is greater than that con- 
tained in the water of other sources. 

Other sources arc, (1) Rivers, (2) Springs, (3) Moor- 
land tracts of ground, where the rain-water, ailing upon 
them, and running off in small and rapid streams, is 
caught in reservoirs at a high elevation ; and (4) Deep 
wells. 

As to rivers, running w^ater contains free oxygen, 
absorbed from the atmosphere, and the more so where 
it has a quick motion over a rough bed, which causes 
its surface to be broken up, and exposes a greater 
number of particles of water to the atmosphere than 
where the motion is slower, over a smoother bed. 
Organic matter in a state pf decay, which I have else- 
where called ‘‘ effete organic matter,** is, as it were, 
seized upon by the oxygen in the water and chemically 
changed into harmless substances, after the action has 
continued for a sufficient length of time. 

It is a matter of common observation that the dis- 
coloration of rivers by the polluting matters poured 
into them from populous places gradually fades away, 
and that at some considerable number of mUes below, 
if no other pollution l^akes place pn the way, the water 
is clear, and in some caaes quite fit to drink ; and if 
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the water of rivers could flow far enough away from 
one town before it were taken for the supply of the 
next one, the organic impurities would probably be- 
come wholly changed into harmless substances; the 
difliculty is to ascertain in what distance or in what 
time this effect takes place; either distance or time 
will vary with the relative quantities of polluting mat- 
ter and of watei;, and there is nothing but supposition 
to go by in estimating at what distance from the pollu- 
ting source water may safely be taken for domestic 
use lower down the river. It cannot very well be 
proved that they are wrong who advocate a river 
source for a supply of water, even when it is well 
known tliat the water is daily contaminated higher up 
the stream. The strongest argument in support of 
such a source is found in the want of proof that the 
water is injurious to the health of those who constantly 
drink ii. This fs but negative evidence in its favour, 
and even this is only true in some cases, as, for in- 
stance, in the Thames at Hampton, from which sourge 
a great part of London is supplied, although it is well 
known that the sewage of some considerable towns is 
poured into the river above that point. 

On the other hand, as to the disappearance of colour 
by long-continued flow, it is proved positively, that 
water may be quite bright and yet contain matter in 
solution which disqualifies it for domestic use. 

Springs are more copious, and constant in their 
flow, from some of the geological formations than from 
others. From the ch^, the oolite, the new red 
sandstone (Bunter , division), and the millstone grit^ 
springs are more copigw and constant than fn>m 
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formations, except the mountain limestone, which has 
many fissures and caverns ; and some of the springs 
from this formation yield large quantities of water 
perennially, varying but little thi'oughout the year, 
while others, though tolerably constant during years 
of average rainfall, almost cease to flow after a long 
drought. This seems to be owing to the compara- 
tively small extent of ground upon which the rain falls, 
combined with its gi*eat porosity; while the ground 
from which the more perennial springs issue' is of 
greater extent and comparatively of more general 
compactness. , 

The late Mr. Beardmore estimated that the water 
which falls upon the chalk district of the river Lea 
holds out for at least sixteen months. 

Some springs from the oolite are reported to be 
nearly constant the year round, others varying about 
80 per cent, as between the average and the minimum 
flow. I gauged daily during the years 1860 and 1861 
several springs which issue from the millstone grit at 
Upperhulme, near Leek, with the following results : — 
During tlie year 1860 the average daily quantity was 
355,266 gallons, and the least quantity on any day was 
805,468 gallons. During the year 1861 the average 
daily quantity was 888,716 gallons, and the least 
quantity on any day was 258,600 gallons. Other 
springs have been proved to be equally or more con- 
stant in the new red sandstone, but in the mountain 
limestone they are more variable — ^perhaps because of 
the fissures being more open. The original chief 
source of the Bristol wat^f supply was some copious 
i^rings issuing from this foi!^aftott at Chewion Men- 
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dip, which ran for a long time at the rate of two mil- 
lion gallons a day, but about ten years afterwards these 
and other springs from which the supply was derived 
fell off considerably; resuming their full flow again, 
however, afterwards. 

Below any level at which the water could issue in 
springs the absorbent rocks hold water as in a basin, 
and it may be procured by sinking a well. When the 
ground through which a well is sunk is porous from 
the top downwards, the quantity of water met with 
increases with the depth of the well, but in some situa- 
ticns the water-bearing stratum is overlaid with 
strata of an impervious nature, which keep down the 
water, under pressure. In sinking a well in such a 
situation but little water is met with after the surface 
or top water has been passed through, and this, when 
of bad quality, is usually stopped out by a water-tight 
lining. ' But when the depth to tlie water is great it is 
not necessary to sink a well all the way to it ; after 
sinking to a sufficient depth to form a lodge for thUb 
water, and afford room to fix the pumps, the remainder 
may be bored. When the water is reached it bursts 
up suddenly and fills the well. The first great under- 
taking of this kind was at Grenelle, in the province of 
Artois, in France, where a bore hole was made down 
to the lower greensand, under the chalk, to a depth of 
about 1,800 feet, when the water suddenly rose thi'ough 
the bore hole, and was forced up many feet above 
surface. Since this successful attempt to procure 
water in this way the name Artesian has been given, to 
Web, a well, from Artesimn, the ancient name of 
Artois. The blow-^velln^ in tM low-lying m 



SOURCES OP SUPPLY. 


167 


of Lincolnshire act in the same way, although 
on a.smalljer scale; the overlying clay being bored 
through to the chalk beneath. In all such cases 
the water which is thus procured must first have 
fallen upon ground much higher than the site of the 
well, and upon the outcrop of the absorbent stratum 
pierced by the boring, through the fissures of which it 
descends and accumulates under the clay or other 
retentive strata of which the low-lying ground consists. 
A well sunk through the clay into the chalk at King- 
ston, in Surrey, threw water up to the surface, being a 
true Artesian well. Its temperature y^as, however, 
too high for the purpose for which the well was sunk. 
The strata passed through were as follow : — 

11 ft. clay and gravel. 

2 „ gravel, 

245 „ blue clay. 

57 ,, clay of various colours 

4 „ marl. 

J „ vein of sand. 

9 „ marl. 

J „ vein of sand. 

5 ,, marl. 

12 „ dark sand. 

25 ,, light coloured sand, 

99 fi chalk, with Hints. 

470 ft. 

The following is a short description of an Artesian 
to .be sunk hi the same Wality ;~Well and bore 
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hole to be sunk to an estimated depth of 500 ft. Two 
6-ft. lengths of cast-iron cylinders, 7 ft. diameter, to 
stop back the top water. Shaft lined with 9-in. 
brickwork, 6 ft, clear diameter, to be continued to a 
depth of 200 ft. Cast-iron bore-pipe, 12 in. diameter, 
with turned joints, to commence 'here and go down to 
the chalk, reducing the size only when necessary. 
The pumps to be at a depth of 80 or 90 feet below the 
level to which the water may rise. Estimated cost, 
^1,850. 

Figure 80 illustrates such a well. 

Fig. 30. 



The publishers have very kindly offered, me . the 
use of a wood-cut from Mr. Hughes’s book oh;<, Water 
Works, which shows, better than anything I could 
give, how it is that, when an impervious strat^ pf 
clay is sunk or bored through, water is found, uad 
rises towards the smface, having its origin, in^this 
case, in the rain falling upon the' high grouh^jabout 
..Tringonthe one side and Knockholt on the b^er;; 
The following are Mr. l||U^hes*s own words 
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‘ In this section a is the gault day, an impervious 
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stwtum, which underlies the firestone, chalk marl, and 
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chalk. The firestone and chalk marl are not shown 
in the section, because it is believed in this chalk 
basin the water penetrates through both of these, and 
is really not stopped till it reaches the gault. In the 
south downs, however, it is otherwise, for there Lydden 
Spout, and other copious springs are thrown out by 
the chalk marl, n is the great mass of chalk 800 or 
1000 feet in thickness. The tertiary or Thanet sands, 
resting on the chalk, are marked c, and the impervious 
mass of London clay is marked d. The level of high 
water mark in the Thames is represented by the hori- 
zontal line a b, and the presumed line of saturation or 
height to which the water from the chalk will rise at 
any point between London and Tiing, is represented 
by the inclined line c d, drawn from the top of the 
gault below Tring to tide level in the Thames at 
Lewisham, where the chalk is exposed in the basin of 
the Thames, It will be observed that in this section 
I have not shown the beds in one continuous uninter- 
rupted basin-shaped arrangement, but intersected by^, 
two faults, marked No. 1 and No. 2: The fault No. 1, 
which brings down the London clay d to the level of, 
and in contact with the chalk, is clearly exhibited on 
the North Kent and London and Brighton Bailways> 
both of which it intersects at New Cross, in a north- 
east and south-westerly direction. It has been well 
described by the late Mr. De la Condamine, in a paper 
read before the Geological Society of London, in June^: 
1850.* Witili respect to the fault No. 2, although not 
exposed at the surface, we hate good evidence^ of its 

, Yublished in Yol. vioftlie Quarterly Jonxnt^ of the Oeologi^ $ 0 -^ 
ciety, p. 440. 
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existence from well sections. Thus, the depth to the 
chalk below Trinity high water mark at Gray’s Inn 
L'ane, the Hampstead Boad, Tottenham Court Boad, 
and the Begent’s Park, varies from 80 to 100 feet ; 
while at Trafalgar Square, Wandsworth, and Chelsea, 
the depth varies from 250 to more than 300 feet, 
which shows either a fault or a very great curvature of 
the strata. Mr. Prestwich believes that this fault or 
axis of elevation, whichever it be, passes along the 
valley of the Thames, in an east and west direction. 
It is clear that this fault as well as the one at Lewis- 
ham, No. 2, would be intersected by th line of our 
section. The main drainage of tlie chalk formation is 
not so much interfered with by these faults as might 
be supposed at first sight. The line e d shows the 
height to which the chalk is probably saturated with 
water, according to the views first promulgated by Mr. 
Clutterbuck, and afterwards corroborated by thd Dean 
of Westminster and other eminent geologists. The 
drainage of the chalk will still take place at d, not- 
withstanding the faults, because the communication 
between the separate masses of chalk is stiU uninter- 
rupted, the fault being probably not filled up with 
impermeable clay and made into a puddle dyke, as* 
happens in some districts. According to ‘the views of 
Mr. Clutterbuck, the water will rise in wells between 
Tring and London, to the level of e d, and he has 
found by measurements of numerous wells interme- 
diate between the two places, that the water stands at, 
or nearly at this height. It will be observed that the 
ground at Watford lies below the line of saturation c d, 
and this accounts for the numerous springs which 
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break out in the meadows there, and for the fact, that 
every excavation, made only a few feet in dej)th, is 
immediately filled with water. Again, it will be ob- 
served, that a part of the London clay district, close to 
the metropolis, lies below the line of saturation. This 
is precisely the condition under which artesian wells 
may be expected to yield a stream of water that will 
overflow the surface. On boring down through the 
London clay, d, to the chalk on either side of the fault 
No. 2, we come to water which is acted on by the 
pressure from Tring or Knockholt as the case may be, 
and which, as soon as the boring is effected, rushes up 
through it and rises above the surface, namely, to the 
the line c d. This is the explanation of many over- 
flowing artesian wells in the neighbourhood of Fulham, 
Brentford, and other places, in the valley of the 
Thames.” 

Common wells, though they may be deep, depend 
for their water upon the area immediately surrounding 
them, the rainwater falling upon which sinks down- 
wards and laterally towards the bottom of the 
well, and the quantity procurable . may be likened to 
the contents of a cone, the base of which is the area 
Voimd the well, and its apex the bottom of the well, 
tlie contents ‘being renewed from time to time as the 
rain falls. The extent of this area, or base of the 
inverted cone, is the greater the more porous the 
ground is, for any given depth of well, for there is in' 
every kind of ground a minimum horizontality which 
the water can assume, under any given degree of ex- 
haustion by pumping, its percolation to the well being 
hindered by the density of the ground through whteh> 
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it passes, and the greater the density the steeper the 
incline assumed by the sides of the water cone. In 
practice these theoretical deductions are interfered with 
by the existence of faults, filled more or less with im- 
permeable material. It is said that at one of the wells 
at Liverpool, 210 ft. deep, in the new red sandstone, the 
/shallow wells around were affected by the pumping to 
a- distance of If miles from the shaft. 

A well sunk in the new red sandstone at Wolver- 
hampton yielded but little water, being vdthin a quarter 
of a mile of a great fault, limiting the extent of sinface 
on that side to that distance. 

Good water is obtained from uncultivated tracts of 
moorland. It is obtained by storing in reservoirs that 
which flows directly off the surface, and that which 
sinks into the ground and issues in springs within the 
watershed area. Knowing the quantity of water re- 
quired, the area from which it is to be collected may 
be determined according to the amount of rainfall of 
the locality. It is necessary, in order to do this with 
something like precision, to obtain the register of the 
rainfall for a number of years. If the rainfall has not 
been gauged within the particular area, the water from 
which is to be appropriated, it is necessaiy that the 
position of the area on which the gauges may have 
beeij fixed, be one in which similar meteorological oc- 
curences take place habitually ; as, for instance, at a 
similar height above the sea-level ; exposed to similai* 
currents of air ; sheltered by hills in similar relative posi- 
tions and of similar height, or that both situations should 
be equally unsheltered. The best position for a ^am•^ 
'gauge is in an open piece of ground^ not near houses or. 



174 


SANITARY WORK. 


trees, and from 6 to 12 inches above the ground ; the 
nearer the ground the better, so that it is sufficiently 
high to prevent the splashing of water that falls out* 
side it leaping into the mouth of the gauge. Five 
inches diameter is reckoned to be as good a size as any 
for the mouth of the gauge. Eain-gauges are made in 
various forms, and that in which the depth registered 
is most ' easily ascertained, carries a graduated rod at- 
tached to a float, which, rising with the vrater in the 
gauge, shows tlie depth fallen; but this kind 'is open 
to the objection that the face of the rod catches rain, 
which runs down it into the gauge and causes a greater 
depth of water to be registered than actually falls. 
Another kind has a graduated glass tube attached to 
the body of the gauge, in which the water rises equally 
with that in the body of the gauge ; another kind 
’merely receives the water, which is measured by pour- 
ing it out into a separate glass tube to ascertain the 
depth fallen. There is als© another kind which has a 
float unattached to any rod, a gi*aduated rod being 
used only at the time of measurement. ^ 

The register of rainfall for a number of years 
having been obtained, an average is taken, If 
the yearly depths of rain be examined separately, it 
will probably appear that they vary much from each 
other, and that the greatest depth in any one year is 
about twice the least in any other. It will probably be 
observed also that for two or three years together 
ceding or succeeding the year of least rainfall, the 
amount is less tha^ the average of all the yew> ajad, 
that the mean depth of three consecutive iiy yatu^ H 
about one-aixth less than the average; also, 
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least depth in any year is one-sixth less than this 
mean of three dry years. 

Experience has shown that the quantity of water 
which can be caught and stored in reservoirs and 
delivered out daily for use is not so much as that due 
to the average of a number of years, and is not more 
than that due to the mean of three consecutive di^^ 
years, which has proved to be, in numerous instances, 
very nearly one-sixth less than the average, all the rest 
going past the reservoir in excessive floods. Thus, 
if a table of rainfall be examined, extending over a 
sufficient number of years, it may show the average 
yearly depth to be 36 inches. In some one year the 
least depth will probably be found to be about 24 inches, 
and taking any three consecutive dry years, the mean 
of them will probably be about one-sixth less than the 
average, or 80 inches, and it is this depth and not the 
average, which is to be reckoned upon ; and the daily 
quantity required being kn<iim, the necessary extent of 
watershed area is ascertained. But the actual quantity 
to be dealt with is always less than the rainfall regis- 
tered by'a gauge, for the gauge registers the depth that 
falls, and from that depth must be deducted the quantity 
evaporated and otherwise lost on its way to the re- 
servoir. 

In his evidence before the Water Supply Commis- 
sion in 1867, Mr. Bateman said that according to 
the declivity and the geological character of the coun- 
try,^ and the cultivation and the amount of vegeta- 
tion, the quantity which is taken up by vegetation, or 
is evaporated or lost to the rivdrs, varies from about 

hxbhes to 16 inches, the smaller quantity being of 



176 


SANITAET WORK. 


course that where the rocks are the hardest, and the 
declivities" are the greatest, so that the water comes 
down in floods. If we take 12 inches as tlie mean 
between those extremes, it will leave the net available 
produce of these districts (speaking of the Welsli 
hills from which he proposed to take water). This 
loss is taken from returns of actual gaugings in various 
places. ' He says, ‘‘ In Manchester we have actually 
collected and measured in reservoirs 83 in the ave- 
rage of two or three dry years. Out of a rainfall of 
45f inches we have actually collected and discharged 
83 inches.” This would be a loss of 12| inches in the 
year. 

The late Mr. Thomas Duncan gave evidence before 
this Commission. He w’as the acting engineer of the 
Liverpool Water Works for many years, and had very 
good means of ascertaining by gauges the actual quan- 
tity of water collected and used out of the total 
quantity that fell. Five-sixths of the ground from 
which the gravitation supply is derived, consist|^ of 
moor and sheep pasture, covered with heather^ and 
some portion of it is mossy, the geological formation 
being chiefly millstone grit. A very small portion of 
it was ploughed, not one-fiftieth part ; the whole area 
of the gathering ground being about 10,000 acres. 
With reference to the loss by evaporation and other- 
wise, the question is put to the witness, and referring 
to some tables he had drawn out, You do not appear 
to have had a loss in any one ye^ of as much as 12 ' 
inches. That is to say, in 1861 tlie rainfall was 46*88 
inches, and then, taking the quantity you realist, 
which is 86'77 inches, that is slightly under 11 inq^e^i 
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If you take the next year as 48*61 against 40*08, that 
is a loss of 8 inches. In the next year it is 61*01 
against 40*72, that is under 11 inches again. In the 
next year^it is 39*035 against 27*85, and in the next 
year it is 84*80 against 23*36, making a loss of 11^ 
inches. Therefore, whatever your rainfall be, whether 
it be large or small, the actual loss would seem to be 
very nearly the same ? ” A. The amount of evapo- 
ration and absorption does not vary much.” 

Mr. Hawksley has stated (Minutes of Proceedings, 
Inst. C. E., vol. 31) that the loss varies in these 
islands '‘from 10 inches per annum as a minimum to 
18 inches as a maximum. The minimum occurred 
very rarely — indeed, only in the case of bare precipi- 
tous mountains, consisting of 'non-absorbent rock, such 
as slate or granitic rock. From that surface all the 
rain that fell could be gatliercd, with the exceiotion of 
about 10 inches. But the case was very different 
where the surface was covered with soil and peat, 
where it became fiat moorland on the summit, and 
more so where the. land was cultivated and thrown into 
the character of a sponge. In general, however, with 
mountain watersheds, where the intermediate condition 
existed, the actual ascertained loss amounted to from 
13 inches to 16 inches per annum, according to the 
situation and some local circumstances, and might be 
taken at a mean of about 14 inches per annum.” 

Supposing the situation to be one where this average 
loss of 14 in. in depth would occur, it is to be deducted 
from the 80 in. representing the mean annual depth of 
Ihree.dry years, as above, leaving 16 in. in depth over 
lihe whole drainage area, which represents the actual 
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quantity . of water to be dealt with, being 363,000 
gallons in a year from every acre of drainage area, or 
very nearly 1,000 gallons per day per acre, and if 20'* 
gallons per head of population per day be allowed 
there would be required an acre of collecting ground 
for every fifty people, or for every ten houses (there 
being, on an average, about five inhabitants to a 
house). Thus, if the population to be suppUed be 
10,000, the daily quantity of water required would be 
200,000 gallons, and the area of collecting ground 
200 acres, if the rain-fall be 36 inches. 

Where, as above stated, the whole of the available 
quantity of water due to a given area may be taken for 
the supply of a population, it will in general be neces- 
sary to afford water-compensation to the streams and 
mills out of a separate reservoir ; but in some cases 
water-compensation is given out of the same reservoir 
from which the supply to tlie population is derived, 
in which case the watershed area must be one-half 
greater than that above stated. ^ 

The next step would be to find a suitable site for the 
construction of a reservoir into which the water falling 
upon the drainage area would flow, and the next step 
would be to determine the size of the reservoir-^the 
quantity of water it should hold. We know that 
many storage reservoirs have failed to contain a 
sufficient quantity of water to last through a long 
drought at the rate of delivery out of them which had 
been calculated upon as the daily supply. 

In the first place, averages of many years’ rainfall 
have been taken without deduction for the excessive 
floods which cannot be stored in reservoirs of an^ ^ 
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practicable size, and a certain proportion* of the 
average has been deducted for loss by evaporation and 
absorption, without regard to the absolute quantity of 
that average. Thus, when the average annual rainfall 
has been* ascertained to be, say, 45 in. in one place 
and 30 in another, one-third, or some other pro- 
portionate pai*t has been deducted for loss, and the 
remainder set down as the available quantity, giving in 
the first of these assumed cases 80 in. available and in 
the other 20 ; and it is quite possible that by accident 
both these might be the true quantities available in 
certain situations, if the precaution we/.e taken to 
deduct excessive floods which swell the average beyond 
a point that can be dealt with in any reservoir that 
could be practicably constructed ; but experience has 
shown that the loss by evaporation and absorption 
does not bear any fixed ratio to the rainfall, or to its 
average amount, and that it is almost a constant quantity 
in any year in the same place, whether it be a wet year 
or a dry one. These two sources of en’or are avoided 
by first deducting one-sixth, or thereabouts, from the 
yearly average, and then deducting an absolute depth, 
being that due to the loss by evaporation or absorp- 
tion, the result being a quantity which may fairly be 
relied upon. The depth of rainfall to be deducted for 
loss cannot be directly ascertained; from a water 
surface the evaporation is about 80 in. in depth in a year, 
.but from the surface of a collecting ground it cannot 
*be directly measured* The way in which it is ascer- 
tained is by the indirect method of deducting the 
known quantity collected from the known quantity 
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resulting from a certain depth of rainfall on a known 
area of ground, the ditference being the loss. 

But another source of error has been to under- 
estimate the length of time droughts may continue in 
certain situations, and not sutHciently taking into 
account the number of days on which rain falls in any 
given period (as a year), which varies veiy much in 
different places ; for the fewer wet days there are in a 
given time tlie gi'eater number of days’ supply should 
the reservoir hold, whatever be the annual rainfall, and 
consequent daily regulated supply. 

Large storage reseiwoirs, such as those now under 
consideration, are usually made by constructing an 
embankment across a valley, and making use of the 
hollow thus formed by natiu:e to hold the quantity of 
water desired. The best site for a reservoir, therefore, 
is one where (1) a bank can be made under or by which 
water cannot pass, when dammed up to a considerable 
height ; (2) where the gromid has sufficient stability, 
]iot only in itself in its uatm’al state, but aftei^vards 
when it may be more or less peneti-ated by the water' 
pcmied up, so that no slip may occur; (3) where a 
wide and compai'atively level expanse of ground exists 
below which the sides of the valley approach each 
other so that a short bank, and one not too high, may^ 
impound a large quantity of water ; if the first re- 
quirement exists the fourth will be secured, viz., t^i 
there should be a sufficient quantity of retentive 
material to form a core, or trench and wall, of wat^ 
tight material, such as clay. 



§ XVII.— GAUGING WATER. 

The quantity of water supplied by a pump may be 
measured by the capacity of the working barrel and 
the speed, deducting from the quantity so found 
about 10 per cent, for leakage of valves and other 
losses: and water is sometimes measured in a simi- 
larly mechanical manner by meters ; but when the 
water flows, or can be made to flow, from a pond, over 
a weir, or through a notch in a plank oi^ iron gauge, 
the quantity may be ascertained in the following 
manner, provided the thickness of the sill over which 
the water falls be properly regarded, and providing the 
weir or gauge be truly level, and that proper pre- 
cautions be taken to prevent the water passing under it 
or past the ends. 

The velocity with which water falls over such a 
hairier follows the same general law which affects other 
heavy bodies falling freely, — that is the force of 
gravity. A heavy body fells 16*08 ft. in the first 
second of time after its descent from a state of rest, 
and acquires at tie end of that time a velocity of 
32*16 ft. per second, which is called the force of 
gravity, and is represented by the letter g. The 
formula is V = V H, when V = the velocity in feet 
per second ; gf = the force of gravity, = 82*16 ; and 
H — the height in feet. Therefore V = y/M'diil = 
8-02 

In the case of a weir or a notch-bo^d the height H 
is synonymous with the depth of water. The depth 
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to be calculated upon is not that immediately over the 
sill of the weir, but is the whole height from the sill^to 
the level of the water above the weir where it is out oP 
the influence of the current. When vrater appri^hes 
a weir, or notch-board, the surface is drawn doTOKTor 
some feet up-stream, being influenced by the draught 
of water through the passage, and in measuring the 
depth it is necessary to take it at some point out of the 
influence of the current. 

It has been stated above that the velocity with 
which water falls over a weir is as the square root of 
the depth, and when the whole depth is taken the 
velocity due to it is that of the lowermost filaments or 
threads (as it were) of the sheet of water flowing over. 
These are pressed outwards by a force which is that of 
the whol6 head of water, from the sill up to the level 
of still water, and did they issue from an orifice at that 
deptli would spout out much farther than they can do 
with the sui)erincumbent sheet of water upon them. 
The uppermost filaments have no velocity ^ue 

to the pressure of a head of water, and the velocity 
which they do acquire is caused by those below slipping 
horizontally from under them and ^letting theiiVvdown 
gradually from the bottom upwards, causing a de- 
pression over the sill, wliich gives an inclination to the 
surface of the water for some few feet above the^Meir 
or notch-board. 

This inclination of the surface is differently pro- 
duced from that of a river in train, and is due to the 
loose end of the stream, whereby the lowermost par- 
ticles escape faster than those above them, the whole 
number becoming amalgamated into one stream, which 
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takes a direction due to that filament which is at the 
depth due to the mean velocity of the whole stream. 
The velocity of the fluid threads at every part of the 
depth being as the square roots of their depths below 
the surface, the mean velocity of them all is necessarily 
S of that of the lowermost, and tlie wliole sheet of 
water assumes tlie curve which that filament would do 
which is at the depth to which the mean velocity is 
due, if it could issue alone. The point in the depth 
at which the mean velocity of the whole takes place is 
at the depth of -tj of the whole depth, and the mean 
velocity is that due to \/ rJ ^ 37 which is, when 

the con^ant multiplier is interposed, | of 8*02 V 3 ~ 
6*35 \/ci, which is the true expression of the mean 
velocity of all the filaments of water passing through 
the notch, or over the weir; and were there no ob- 
struction to the flow the quantity discharged would be 
found by multiplying tins velocity into the depth and 
into tlje length of the weir ; but by no form of con- 
str«^t||n can the actual discharge reach this theo- 
retical discharge, because, first, the theory assumes 
the falling body to fall, in vacuo, whereas in practice it 
falls through the air, and although atmospheric air at 
a barometric pressure of 30 inches of mercury is of a 
density only about the -g-fr part of tliat of water, yet 
it offers some small resistance ; and, moreover, while 
the theory takes no account of friction against the 
bottom or sides of the notch or weir, or of the diver- 
gence of the particles of the stream passing through 
the opening, the actual discharge is diminished by 
these influences also. The more abrupt the opening 
the greater are the disturbances of the flow. If we 
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were treating of hydraulics in general we should see 
how, by the appliance of wing-boards above the weir, 
or, in tlie case of orifices wholly below the surface, by 
adjutages below the opening, the discharge is increased 
to almost the whole quantity indicated by theory, but 
those are not the circumstances under which water is 
gauged in ordinary practice. 

Ill calculating the quantity discharged the depth 
enters twice into consideration. In the first place it is 
an element of the sectional area of the stream, and in 
the second of the velocity. The sectional area is as the 
depth, and the velocity as the square root of the depth. 
The cubic quantity discharged is tlierefore as d V d or 
as \A If the quantity be taken in cubic feet per 
second per foot in length of the weir it is 6*35 
by the theory of falling bodies, the depth being 
measured in feet ; and if it be taken in cubic feet per 
minute it is 321 y/d'^ per foot in length of the weir. 
But it is more convenient to measure the depth in 
inches, in which case the constant 321 must be divide(F 
by the square root of the cube of 12, or \/T728 = 
321 

41’67, and = 7*72, the constant of the theoretical 
41 ’O? 

quantity per foot in length of weir when the depth is 
measured in inches and the quantity in cubic feet per 
minute. If we put I = the length of the wehr in feet, 
this quantity w'ould be 7’72 I 

But practice has proved that not only is the actual 
discharge less than that of theory under every con- 
dition of a weir, but that the constant multiplier varies 
with»iK)th the length and the depth. By measuring 
in large tanks the actual quantities discharged under ' 
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rarious conditions of depth of water, length of weir, 
and thickness of lip, and- dividing these quantities by 
the areas of the openings, certain coefficients have 
been found which bear the same relation to unity 
which the quantities discharged bear to the theoretical 
quantities, under the same conditions of length and 
depth. 

Various observers have found the coefficient to be 
from about *58 to about *68, and if we take the mean 
of all to be “628 the theoretical constant 7*72 would 
be reduced to 4'81, so that if wc put Q = the quantity 
discharged in cubic feet per minute, d ~ the depth of 
water in inches, and I = the length of tlie weir in feet, 
Q = 4“81iv/rf^ 

By this formula it is assumed that the quantity is 
proportionate to the length, but it is not exactly so, 
for the shorter the weir, compared with the width of 
the stream and with the depth of water flowing over 
it, the greater should be the proportionate diminution 
of discharge due to the contraction of the two ends of 
the weir ; and Mr. Francis, in the formula resulting 
from his experiments at Lowell, U. S-, makes a cor- 
rection for this. His formula is Q = 200 {I — 01 n d) 
d being taken in feet, but if we take din inches, 
and divide the constant 200 by the square root of the 
cube of 12, Q = 4*81 {I — *00833 n d) n being 
the number of end contractions. 

The effect of the end contractions in the case of a 
weir with one opening five feet long, and a depth of 
water of six inches, is to reduce the quantity dis- 
charged by about seven cubic feet per minute ; thus, 
4"81 1 = 4*81 X 6 X 14*7 = 363 cubic feet per 
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minute, and 4*81 (Z — *00833 n d) ^ = 4*81 (6 — 

*00833 X 2 X 6) x 14*7 = 346 cubic feet per minute, or 
by about 2 per cent, in this case. 

Except those of Mr. Francis, the most important 
experiments on a large scale which have been made on 
the flow of water over weirs were made by Mr. 
Blackwell, on the Kennett and Avon canal, in 1860. 
These were made from a perfectly still head, the area 
of the pond from which the water flowed being upwards 
of two acres in extent. 

These experiments were upwards of 200 in number, 
and were made ‘with weirs of three feet, six feet, p.nd 
ten feet in length ; with thin iron plates ; with planks 
two niches thick ; and with broad-crested weirs, re- 
sembling ordinary weirs on rivers, tlie width of crest 
in the experiments being three feet. The coefficients 
were found to vary with the depth, of water and also 
with the length of weir, and with the thickness of the 
lip. 

The following is an analysis of those experimeirfs of 
Mr. Blackwell which, in point of dimensions, come 
most under the conditions of ordinaiy practice; — I 
mean, of course, which, within the scope of the experi- 
ments, are most proportionate to the dimensions of 
ordinary stream gauges. The gfcgings of exceptional 
depths with • certain lengths are most valuable, as re- 
lated in full by Mr. Blackwell in his paper contributed 
to the Institution of Civil Engineers, but I have been 
content to adduce the results within a depth of nine 
inches ; also not to include the experiments on weirs 
with wing-walls, and those made with short wide- 
crested weirs. 
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, The general formula is Q = cl y/d^, in which Q 
= the quantity of water discharged per minute ; 
d = the depth in inches from tlie surface of still water 
to the lip of the weir ; I = the lengtli of the notch in 
feet, and c = a constant multiplier found by experiment 
to equilibrate the terms Q and I y/d‘^K This constant, 
c, is found by measuring in a tank the quantity of 
water which falls in a certain time from a notch of a 
certain length with a certain depth of water flowing 
over it ; each one of these items being a subject of 
measurement. The constant, c, is therefore arrived 
at independently of the relation between V .e theoretical 
result and the practical result. But inasmuch as the 
conditions under which experiments are made must 
be limited, while those of practice are unlimited, it is 
very useful to compare actual discharge under 
given conditions \yith that wich is due to the theory 
under the same conditions, and this is best explained 
by dividing the constant multiplier, found by experi- 
ment to be necessary, in each of the given conditions, 
by the constant multiplier of the theory. The result 
is the coefficient^ which bears the same relation to 
unity as the actual discharge Jbears to that of theory. 
In the following table it is the result of dividing the 
actual constant in each case by 7*72, the theoretical 
constant, when the quantity is taken in cubic feet per 
minute, the depth in inches, and the length in feet. 

S *17 

Thus, = *67, the mean coefficient of all lengths 

' and all depths over notches in thin plates. Averages 
not always to be relied upon, but it may be ob> 
served that the combination of all lengths with all 
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CREST 3 ft. wide, SLOTING 1 IN 18 ACROSS. 


Depths. 

1 in. to 4 in. 

4 in. to 8 in. 


Moan of all 
depths. 


Value 

Coeff. 

Valu*‘] 

Cooir. 


Value 

Coeft’. 


of c. 


of e. \ 



of e. 


Weir 10 ft. long. 

3-78 

‘489 

4-08 

•628 


3-93 

•508 


CREST 3 ft. wide, LEVEL ACROSS. 


Depths. 

1 

1 in. to 5 iJL j 

1 

|5 in. to 8 in. 

Sin. to 10 in. 

Moan of all 
depths. 


Value 
of c. 

Coeff. 

V.nluc 
of c. 

Coeir 

Value 
of c. 

<oefr. 

Value j 
of (7. 

Cooff. 

Weir 10 ft. long. 

3*54 

•459 

3*78 

•489 

3 66 

•474 

3*66 

•474 


When an opening through which water issues is 
wholly below the surface of^^ie pond, the velocity with 
which it issues is proportional to the square root of 
the head, that is, the height from the centre of tlie 
opening to the surface of the water, if the opening on 
the lower side be not covered with water ; where water 
is discharged from one pond into another, through an 
opening wholly below the sui’face of the lowermost, the 
head is the height from the surface of one pond to 
that of the other. By the theory of falling bodies 
the velocity would bo 8*02 \/ h, h being the head of 
water in feet, and the velocity being measured in feet 
per second but this velocity is never attained in prac- 
tice ; the opening is always more or less abrupt, and the 
whole body of water does not issue in a direction at 
right angles with the line of the opening, but, at the 
sides, is forced to converge towards a point outside, at 
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which point the cross sectional area of the body of the 
water is only about two-tliirds of that of the opening. 
The velocity of the central portion of the body of water 
is probably as great as the theory indicates, but it is 
retarded at the sides by the friction against them, so 
that, besides the contraction of the area of the stream, 
the mean velocity of all its particles is also reduced 
below the theoretical velocity. Combining these two 
eflects, the practical result is to reduce the discharge 
in the ratio of about 8 to 6. 

In Banks’s treatise on mills, a summary of coeffi- 
cients found by njimerous observers is given as fol- 
lows : — 

Newton, ’707 ; Bossut, *615; Banks, *760; Miehe- 
lotti, ’625 ; Hclsham, ’706 ; Smeaton, ’631 ; the mean 
of wliich is *672, but it is to be remarked that the ex- 
periments of Bossut and of Michelotti were made on a 
larger scale than the others, and are more to be relied 
upon. 

Experiments by Brindley and Smeaton, with holes 
1 inch square, show the times in which 20 cubic fefet 
of water ran out under diiferent heads* to be as 
follow : — 


1 ft. head, 9 minutes 22 seconds. 

2 „ 6 „ 40 „ 

3 ,, 5 ,, 20 

4 „ 4 * „ 44 „ 

6 „ 4 „ 14 „ 


From these we deduce the following coefficients, viz,, 
•64, *63, *64, “63, and *63 respectively. 

In a report to the British Association, Mr. George 
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Bennie gave the results of the observations of others 
than those above named, as follow: — Venturi, *640; 
Borda, *646 ; Eytelwein, *640 ; Hachette, *690 ; 
Brindley and Smeaton, *631 ; Rennie, *621 ; Poncelet 
and Lesbros, *600, *605, and *693; also from other 
experiments, *611, *618, and *611. The mean of all 
these is *625. 

If there were no obstruction to the flow the quan- 
tity discharged in cubic feet per second would be 
Ax 8 \/ h, A being the area of the opening in square 
feet, and h the head of water, but tlie combined in- 
fluence of friction and reduction of cross sectional area 
of the stream causes a reduction in the constant to 5, 
in ordinary cases; so that the actual quantity dis- 
charged is A X 6 \^Ti, through abrupt openings. With 
trained walls and other appliances the discharge would 
approach nearly to that indicated by the theory; Mr. 
Beardmore gives the constant 7*5 for such cases. 

The word coefficient is used sometimes to express 
the quantity which I have called the constant, and 
perhaps there can be no liability to error in taking the 
woyd indiscriminately, although it would seem that the 
two quantities should be differently named. The con- 
stant is a quantity found by experiment to equilibrate 
^ two other quantities which are stated by the theory 
adopted; but a coefficient I take to be a decimal which 
shows the ratio between the tl^oretical and the prac- 
tical quantities. 
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If the channel hy which water is conveyed be an 
open cutting in the ground, the velocity of the stream 
must be small, as may be seen from what we have said 
(p. 75,) on the effects of scour on various materials, 
and therefore the dimensions of the channel must be 
proportionately large, and the fall proportionately 
small. A waterworks conduit, however, is usually 
lined with stone or brickwork, or with concrete, in 
order that a greater velocity may be given (the differ- 
ence of level of the two ends usually permitting it)/ 
and the dimensions reduced. In this way a sujfiGicient 
velocity is obtained to prevent the surface freezing, 
and to prevent the muddying of the water which would 
take place by running with considerable velocity over 
a natural bed. A mean velocity of from 2 ft. to 2| ft. 
per second is not an unusual one in practice. Eytel- 
wein’s equation, v = •d \/ hj\ is applicable to such a 
channel, in which v = the mean velocity per second, 
h = the. hydraulic mean depth, / = the fall of the 
conduit in 2 English miles. 

Thus, with a hydraulic mean depth of 6 inches, and 
a fall of ft. per mile§F the mean velocity would be 
2^ ft. per second, for fe = *6 and/= 12-6 and v '9 
VS X 12’5 = 2*26. 

Such a channel might be so formed that the depth of 
water might be 1 ft., the width at the surface of the 
water 8^ ft., and the width at the bottom f ft. The" 
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mean widtli would then be 2 ft., the sectional area 2 
square ft., and the quantity of water conveyed 4^ cubic 
ft. per second, or 270 cubic ft. per minute. Larger 
channels, in which the hydraulic mean deptli is greater, 
require proportionately less fall to maintain the same 
velocity; thus, if the hydraulic mean depth be 1 ft., 
and the velocity, as before, 2^ ft. per second, the fall 
would be only half as much as in the other channel, for 

* t~ 5*06 ^ 

J = "qY* == D‘2o, or 3 J ft. per mile. 

Such a channel might have a width at the surface 
of the water of ft., at the bottom of ft., and 
a vertical depth of 2 ft. The mean width would 
then be 4 ft., the sectional area 8 square ft., and the 
quantity of water conveyed would be 18 cubic feet per 
second, or 1,080 cubic feet per minute. (The quantity 
in cubic feet per minute is converted into gallons per 
day by multiplying by 9,000.) 

By that process the aiiproximate quantity of water 
running in an existing channel may be found, but the 
more usual thing to be determined in a waterworks is 
tlie sectional area of the conduit from the known 
quantity of water required to be conveyed with a given 
velocity. In this case the first consideration is the 
rate of fall which circumstances permit, so as to deli- 
ver the water at a sufficient el|3vation above the place 
to be supplied. The highest part of the district to be 
supplied determines at what elevation the service reser- 
voir should be, and taking that as a datum the rate of 
fall in the several parts of the line of conduit up to the 
ipurce may be accommodated to the requirements of 
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the several parts of the ground. In some parts a con- 
duit following the contour of the ground may be most 
economically made, while in other parts it may be ne- 
cessaiy to confine the water in pipes under pressure, 
and in some places a short valley or ravine may be 
crossed by an aqueduct. 

Open channels in the ground, however, which con- 
vey water for domestic use, require to be fenced in, 
and the expense of that is in some cases greater than 
the expense of covering the conduit, when it is of 
small dimensions. Covered conduits are mostly of 
one or the other of two forms : either completely cir- 
cular, or with vertical sides and arched cover, the bot- 
tom in this case being usually fomed with an inverted 
arch from side to side, unless flagstones are used. 
The choice of one or the other form depends chiefly 
on the local materials used. The quantity of material 
required is less in the circular form, but in this case the 
beds of the stones should be dressed or the bricks 
moulded to the radius of the cuiwe, in order to ma^e 
good work ; and the labour of this costs more than 
the extra materials in the other form, where they are 
abundant. 

To prevent leakage the conduit is sometimes laid i 
puddled clay, from 8 to 12 in. thick, worked with littL 
Water, up to the middle of the height of the conduit, 
or higher; and to prevent the percolation of wate: 
from the surface, in places where it might be injurious, 
the puddling is completed over the arch. 

Instead of being backed with puddle the beds and 
joints of the heart of the walls may be filled with 
aaphalte, hydraulic lime mortar being used for the 
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inner and outer parts of the beds and joints, as in* 
the following Figure. 


Fig. 32. 



It is essential to the purity and freshness of the 
water delivered at the lower end of any conduit that 
during its passage it should take up oxygen from the 
atmosphere as fast as it gives out that which had been 
previously absorbed, and to this end an open channel 
is preferable to a covered one, but where it is neces- 
sary to cover the conduit full provision should be 
made for its ventilation. The number of openings 
forming communication between the interior of the 
conduit and the atmosphere cannot be too many. The 
proper number will depend upon the degree of free- 
dom from organic matter of which the water may 
originally be, but 100 yards would seem to be as far 
apart as the ventilating shafts should be in any case ; 
and these, while having each a large area, should be 
protected by a hood from the possibility of pollution. 

The quantity of water conveyed by either form de- 
pends upon the same conditions which affect the flow 
of water, in open channels, and the conduit must always 
run somewhat short of full ; half-full is the usual max- 
imum state. Such conduits must therefore necessa- 
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rily follow tlio contour of the ^ouud for the most part, 
although when a ravine or short valley has to be 
crossed that is easily done, without breaking the con- 
tinuity of the gradient, by supporting the aqueduct 
upon piers brought up from the ground below. 

To convey water under pressure from a high source 
along low ground, the principles to be regarded are in 
some respects different from those w'e have considered. 
The free oxygen originally contained in the water can- 
not escape, or should not be allowed to do so if at all 
possible. Cast-iron pipes are used for such conduits, 
and if the ground along the line chosen for the pipe do 
not in any intermediate i)art rise and fall again, the 
air originally contained in the water will for the most 
part be retained until the water is delivered at the 
other end, but if circumstances make it necessary to 
lay the pipe over intermediate and subordinately high 
ground, the air will accumulate at these high inter- 
mediate points, and it then becomes necessary to pro- 
vide for its escape, othermse the pipe will become aii^ 
locked, and the flow of water retarded or whollf 
stopped, besides creating danger of bursting the pipe, 
from the concussion which the^ elasticity of the air 
allows the water to give to the pipe in the throbbing 
action caused by the repeated efforts of the column to 
pass the obstruction ; and these efforts are cumulative ; , 
so that in all such cases air-escapes are fixed on the 
pipe. When delivered into a sufficiently large reser- 
voir it again in part takes up air. 

Whether the pressure which causes water to travel 
hrough a pipe be that of a natural head of water at a 
?^gh level, or whether such pressure be artificially 



CONDUITS AND CONDUIT-PIPES. 


197 


given to it by a pump at a low level, is immaterial ; 
the actual pressure must be the same in both cases; 
and in the case of a pumping main air-escapes at high 
intermediate points are still more necessary, for besides 
the risk of bursting the pipe without them, there is 
the risk of breaking the engine by the sudden relief of 
its load. But in pumping mains intermediate rises 
seldom occur. Where the ground does itself rise and 
fall again intermediately, the pipe is made to rise con- 
tinuously by cutting through the hill. 

Supposing air locks to be avoided, it is necessary to 
see that no unnecessary obstruction to the flow of 
water be offered by shari) bends. When yjone of these 
causes of obstruction exist, and the resistance to the 
flow of water is that due to the friction of the water on 
the sides of the pipe, the pressure necessary to give 
any required velocity may be calculated by Eytelwein’s 
formula,- ttc\ . / dh 


. = 60 ^. 




where v =: the mean velocity in feet per second, d = 
the diameter of the pipe in feet, and h the head of 
water in feet necessary to give the velocity v ; Squar- 

' d h 

ing both sides of this equation, = 2,600 

, , v^iTWd 

and/t- 2,500 

The correction 50 d is made for short lengths of 
pipe, but in waterworks mains, such as those now 
under consideration, the correction may be neglected. 


(md the equation is simply v = 50 


.A = 


T* I 

2,500 d 



and 



198 


SANITARY WORK. 


As in the case of open channels, a good working 
velocity is from 2 ft. to 2J ft. per second in conduit 
pipes also. It may be found by calculation that about 
2J ft. per second is the most economical velocity 
through pumping mains, but for mains which convey 
water by gravitation the case is somewhat different, 
and in these, providing the source is sufficiently high 
above the point of delivery to give it, the velocity may 
be 3 ft. per second, or even more, economically, the 
size of the pipe being reduced accordingly. 

It should be observed that it is the ultimate quan- 
tity to be conveyed which should be thus regarded. 
Presently necessary quantities of water are usually 
much exceeded to meet increased requirements, and 
this fact, derived from experience, should be duly 
regarded in determining the sizes of pipes and 
conduits. 

If present velocity be made ft. per second it 
allows for a growth of upwards of 80 per cent, in the 
quantity of water before passing the assumed^ best 
velocity, and when the quantity shall have increased 
50 per cent, more than the original quantity the velo- 
city will be 2J ft. per second, which is about the limit 
of economical forking ; although twice as much water 
as may be supplied at first may be driven through the 
same pipe at a velocity of 8 ft. per second, when suffi- 
cient power is exerted to pump the water ; but it is to 
be observed that the expenditure of power increases 
much more rapidly than in the ratio of the quantities 
of water pumped through the same pipe ; it increases 
as tire Cube of the quantity, for, converting the power 
expended into the height which corresponds with the 



CONDUITS AND CONDUIT-PIPES. 


199 


pressure applied— that is, into the head of water — that 
height is proportional to the square of the velocity, 
and therefore to the square of the quantity tlu'ougli 
any pipe of given diameter, and in respect of the 
power expended in pumping the water to this head it 
is as the head and the quantity, or as the cube of 
the quantity ; so that the power expended in pumping 
water through a pipe at the rate of 3 ft. per second is 
to that expended with a velocity of 2 ft. per second 
as 27 to 8, which is a ratio much greater than that 
between the cost of two pipes which shall deliver the 
saiiie quantity of water in the same time at the rate of 
2 ft. and 8 ft. per second respectively, fcr the cost of 
two such pipes would only be in the ratio of about 
11 to 8. 


From Eytelwein’s equation already given, as trans- 
lated by Dr. Thomas Young, and given in Tredgold’s 
Tracts on Hydraulics, the diameter (d) may be found 
when the head (A), the length (Z), and the velocity (v) 
are stated ; or the head may be found when the other 
terms are stated ; thus, 


_ /2,500 d h 

, 2,500 d h 

. 

“ ~ *2,500 h 
h- 

"“a, 600 a 


All dimensions being taken in feet, and the time per 
second* 

Or we may find each of these directly from the 
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quantity of water, for tlie quantity is the product of 
the cross sectional area of the pipe multiplied into the 
velocity, whilst the area is the square of the diameter 
multiplied into "7854. 

If Q represent the quantity of water in cubic feet 
per second, and if Z, A, and d be taken as before, 

Q = -7854 d? X 50 y/ ~ = 39-27 



If tl^e (luantity be taken in cubic feet per minute, 
39'27 X 60 = 2,356, and 



E^-telwein’s equation has been adopted in calculating 
Table No. 5 in Beardmore’s Hydraulic Tables. 

M. Prony, a French writer on hydraulics, as stated 
by Mr. Samuel Hughes in his treatise on water- 
works, derived from the same set of experiments which 
Ej-telweiu investigated, fifty-one in number, made by 
Du Buat, Bossut, and Couplet, the constant 48*49, 
instead of 50, as found by Eytelwein. 

Perhaps the formula which gives results more nearly 




CONDUITS AND CONDUIT-PIPES. 


201 


agreeing with observed facts under most ordinaiy cir- 
cumstances is Du Bust’s. 

Du Buat’s formula, as given by Dr. John Bobison, 
in his “Mechanical Philosophy,” Art. Waterworks, 
is, in English measures, 


307 (Vd-0-1) 
\/s — 


-0-3 (\/d-0‘l) 


Wherein V = the mean velocity in inches per 
second. 

il = the hydraulic mean depth in inches. 

s — the slope or inclination of the surface 
of the cuiTent, and is the length 
divided by the fall. (Thus a fall 
of 3 ft. per mile is a slope of 1760.) 

L = the hyi)erbolic logarithm of the quan- 
tity to which it is prefixed, and is 
had by multiplying the common 
logarithm of that quantity by the 
number 2*8026. 


This formula is also applicable to pipes running full, 
and is very accurate for both pipes and open channels. 

To facilitate its application in practice Dr. Bobison 
has given an extensive table of the logarithms of the 
lvalues of 807 (Vd~0*l), of the values of 0*3 
(v^— 0*1) and the logarithms of the values of v^— 
LV* + 1'6> 0^^ which the following tables are abridge- 
mtots. The range of the hydraulic mean depth is 
from 1 in. (4 in. pipe) to 3/t. (large open channel), and, 
of a slope, from 1 in 240 to 1 in 8,200. 
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Table I, 



1 2-44138 

1-2 2-48518 

1*3 2-50426 

1-5 2-53886 

1-7 2-56769 

1 - 8 2-58112 

2 2-60580 

2 - 2 2-62803 

2-3 2-63839 

2-5 2-65772 

2 - 7 2-67556 

2 8 2-68395 

3 2-69989 

3 - 2 2-71472 

3-3 2-72181 

3 - 6 2-73531 

8 7 2-74306 

3 8 2-76417 

4 2-76589 

4 - 2 2-77704 

4-3 2 - 78-240 

4-6 2-79277 

4-7 2'80269 

-8 2-80747 

2*81674 
•5 2-83840 

2-85812 
•5 2-87622 

2-89296 
•6 2*90851 

2-92306 



•27 8-5 

•3 9 

•31 9-5 

•34 10 

•36 11 

•37 12 

•39 13 

-41 14 

•42 15 

•46 16 

•46 17 

•47 18 

•49 19 

*61 20 

•62 21 

•63 22 

•65 23 

•56 24 

•57 25 

•59 26 

•59 27 

•6 28 

•62 29 

•63 30 

•63 31 

•67 82 

.•7 83 

•73 34 

*76 35 

•79 36 

*82 37 


^ i 

r-1 

o 1 

O 

CO 

>-s 

T * 

O 

1 

5 

n 

o 

2-93670 

•84 

2-94054 

•87 

2*06167 

-89 

2-07319 

•92 

2-99464 

•97 

3-01401 

1-01 

3-03189 

1-05 

3-04843 

1-09 

8-06883 

1-13 

8-07820 

1-17 

3-09170 

1--21 

3-10441 

1-24 

3-11644 

1-28 

3-12783 

1-31 

3-13867 

1-34 

3-14899 

1-38 

3-15885 

1 - 41 ^ 

3-16828 

1-44 

3-17734 

1-47 

3 - 186 U 1 

1-5 

3-19438 

1-53 

8-20243 

1-66 

8 - 21 U 20 

1-58 

3-21770 

1-61 

3 - 22495 ' 

1-64 

3-23196 

1-67 

3-23877 

1-69 

3-24637 

1-72 

8-25176 

1*74 

3-25799 

1 - 77 ^ 

3 - 2 C 404 

1-79 
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Table II. 



rH 

*s K 

O i 00 

> 

1 

Log. of 

+ 

s 

■i 


1 > 

1 

240 

1*10543 

570 

1*31597 

900 

1-4-2487 

250 

1*11553 

580 

1*32015 

910 

1*4*2746 

260 

1*12523 

sou 

1*32426 

920 

1*43005 

270 

1*13453 

600 

1*32830 

930 

1 1*43263 

280 

1*14345 

610 

1*33226 

940 

*43515 

290 

1*15*204 

620 

1*33614 

950 

1-43464 

300 

1*16035 

630 

1*33997 

960 

1*44011 

310 

1*16838 

640 

1-34373 

970 

1*41254 

320 

1*17612. 

650 

1*34743 

980 

1*44498 

330 

1*18363 

660 

1*35108 

990 

1-44737 

840 

1*19092 

670 

1*35468 

lOIIO 

1*44946 

350 

1*19803 

680 

1*35823 

1100 

1*47223 

360 

1*20490 

690 

1*36170 

1200 

1*49269 

370 

1*21158 

700 

1*36513 

1300 

1*51148 

380 

1*21806 

710 

1*36851 

1400 

1*52885 

390 

1*22436 ] 

720 1 

1*37185 

1500 

1*54497 

400 

1*23048 

730 

1-37613 

1600 

1*66014 

410 

1 "23647 

740 

1-37839 

1700 

1*67416 

420 

1*24232 1 

750 

1-38157 

1800 

1*68747 

430 

.1*24805 

700 

1-33471 

1900 

1*60004 

440 

1*25360 

770 

1*38782 

2000 

1*61196 

450 

1*25903 

780 

1*39089 

2100 

1*6*2325 

460 

1*26433 

790 

1*39391 

2*200 

1*63403 

470 

1*26951 

800 

1*39690 

2300 

1*04432 

480 

1*27461 

810 

1*39986 

2400 

1*65414 

490 

1*27957 

820 

1*40277 

2500 

1*66358 

500 ; 

1*28445 

830 

1*40564 

2600 

1*67261 

510 1 

1*28923 

840 

1*40678 

2700 

1*68133 

520 

1*29391 

850 

1*41128 

2800 

1*68971 

530 

1*29851 

860 

1*41408 

2900 

1*69780 

540 

1*30300 

870 

1*41683 

3000 

1*70558 

550 

1*30740 

880 

1*41953 

3100 

1*71713 

560 

1-31172 

890 

1*42220 

3200 

1*72042 
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In the original tables the range of h^^draulie mean 
depths is from yV ^00 inches, and of slopes 

from 1 in 1 to 1 in 24,000. The extreme numbers, 
however, seldom if ever occur in practice, and tlie 
numbers selected in the foregoing tables will be found 
to embrace most cases of practice in waterworks. 

It will be useful to compare, by example, this 
formula with that of Eytelwein. It makes the velocity 
a little less than Eytelwein’s rule, and is therefore pre- 
ferable, as erring, if at all, on the safe side ; while it 
makes some allowance for inequalities in the direction 
and inclinations of pipes and conduits. 

Example . — Eequired the mean velocity of a stream, 
the hydraulic mean depth of which (d) is 1 ft., and its 
inclination (s) 1 in 1,800. 


By Table 1, Log. of 307 (Vd-0-1 = 8-01401 
By Table 2, Log. of >/« - L V« + l*6 = 1:58747^ 
There remains . . 1-42664 

which is the log. of . . . . 26*70 


From which take, by Table 1, tlie 
value of 0-3 Wd- O'l) = . . I’Ol 

There remains . . 25*69 inches 
=2*14 ft. velocity per second. 


According to Eytelwein’s rule the hydraulic mean 

6280 X 2 

depth (&) = 1 ; the fall, in two miles {J) — — ^ 80o '~ 

5’87 ; and *the mean velocity per second (w) = *9 
V/77= -9 VAX 6*87 = 218 ft. 

Example , — Beqnired the mean velocity through a 
12 in. pipe, the fall of which is 1 in 530. 

The hydraulic mean depth in the case of a circular 
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pipe is always J of the diameter, and is in this case, 
therefore, 3 in. 

By Table 1, Log. of ^7 {s/d- 0-1 =r 2-69989- 
By Table 2, Log. of \/a—L\/s 4-1*0 = 1*29851 
There remains . . . 1*40138, 

which is the log. of . . . . 25*20 

From which take, by Table 1, the 
value of 0.3 — 0*1) = . . 0*49 

There remains . . 24*71 inches 
=2*06 ft. velocity per second. 

According to Eytelwein’s rule the diameter; /Z) = 1 ; 
ihe head Qi) = 1 ; the length (Q = 530 ; and the 

nean velocity per second (i?) = 50 y/ Squaring 

XU • 1 r li X- 2 2,600 d h 2,500 

)oth sides of the equation, , = — ^ 

\ I 630 

1*717, the square root of which is 2*17 ft., the velocity 
)er second. 

But if, as Eytelwein directs, we add the correction 

>0 d to the length, then = 4*31, the square root 

)f which is 2*08 nearly, and this agrees very nearly 
rith the velocity found by Du Buat’s formula. 

The following are the parts of the Act relating to 
eater-works to which we point attention. Under sec. 
►4^ a local authority has the same powers for laying 
rater-pipes as for laying sewers, which we have already 
lesciibed, both within the district and beyond it. 

;By sec, 61 , any local authority may supply water to 
Ve local authority of an adjoining district, and this is 
^‘n^uch importance, for in some rural sanitary districts 
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it is very difficult to find water of suitable quality and 
sufficient in quantity,^ while in an adjoining district 
there may be an abundance of good water more than 
the sanitary authority of that district require for their 
own population, present and prospective. 

Some people think that the water procurable within 
any watershed area should be reserved for the use of 
the population of that area alone, but that must be 
allowed to be a view too strict for the occasion. 

Section 62 is to the effect that where any house is 
without a proper supply of water the local authority 
shall give notice to the owner to obtain a proper sup- 
ply, the occupier paying the water rate authorised by! 
the local Act, if any, or where there is not any locall 
Act in force, then at a cost not exceeding twopence a 
week; but the Local Government Board may ordei' 
the rate to be more than twopence a week, if the local 
authority to them, and show that it is not suffi- 
cient in any particular case. ? 

This question is one of practical difficulty for every 
local authority where water works are not established; 
Take, for instance, a village or small town where one" 
half or two-thirds of the houses have wells upon thr 
premises which furnish a supply of water to thosi 
houses of an indifferently good quality for drinking 
and culinary purposes, and the rain-water tanks oi 
those houses (after an expenditure similai* to that 
before stated) furnish a certain quantity of water for 
washing and bathing purposes. Further, suppose thes; 
houses to have been built by or to be occupied by %h]^ 
pecunidusly better sort of the people in those parts .c' 
the town or village where water could be had by eix^ 
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iiig these wells. Now the local authority have to meet 
this difficulty ; they find the other half or third part 
of the houses upon ground which yields not even 
indifferently good water, but water which (if any at all 
be found by sinking a shallow well, such as could be 
paid for by a rate of twopence a week) is not fit to 
drink. How shall the local authority proceed? If 
they order that any given house be furnished with a 
proper supply of water, the owner will do his best to 
meet the order by sinking a well. If the water hap- 
pen to be good, so ; but if not, the local authority will 
have stultified their own position, and will have ordered 
to be done to-day what they must order to be undone 
to-inoiTow, for if tlie water is not good they must put 
in force the 70th section of the Act. 

I have thought it well to give this view of the case, 
because the difficulty often arises and has caused dis- 
putes in local councils as to the interpretation of the 
62iid section, but it is evident that that section does 
not apply to such a case, but that it contemplates that 
a general water supply is at the command of the local 
authority, and that any house may be ordered to be 
supplied from that general source if the charge will pot 
exceed twopence a week, &c. 

Even if good water could be procured from a shallow 
well sunk on the premises of the house to be supplied, 
the cost would in general be more than twopence a 
week would cover. 

[ Any usual water rate is one which covers all costs 
land charges of making and maintaining the works, and 
Ithe current expenses of the supply ; and the twopence 
;!b week, or 8d. 8d. per annum, must be considered as like- 
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wise covering all such costs, charges, and expenses of the 
supply ; and a fair rate of interest on the outlay would 
be 6J per cent., to cover the interest and charges upon 
the mone}" expended. The money to be e;cpended, 
therefore, must not exceed about ^6 13s., or say £7, in 
order that twoi)ence a week may be an adequate charge ' 
for the water supply. 

A well would in most cases cost more than that. 
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Asphalti. —There ia found in Val de Tmvers and other parts 
limestone whicli contain*) a'^phaltnin or native bitumen, and 
thia, reduced to powder and otherwise treated, is the true as- 
pholte. That which is described in the book may be culled 
home-made asplialtc. 

Boulders . — Detached pieces of the older rock^ louuded, as we 
iind them and the smallci pebbles on the sea shore. They are 
mostly very hard, and make good road inatciul ; those, at least, 
which appear to have been derived from the trap-i*ocks. 

Concrete . — Broken stone or burnt clay, or gravel, mixed with 
any cementing substance, as lime or Portland cement. It is 
necessary that the mateiial to be cemented together be free from 
dirt, for the strength of the concrtde depends upon the cohesion 
of the materials, and unless the suitaces of each separate piece of 
material be clean, the cementing substance will not adhere strongly 
to them. For various purposes variou** quantities of cementing 
substance are re<piired to be mixed with given quantities of ma. 
teriol, but for any purpose refeiTed to in this i^ok one part of 
cement or of hydraulic lime to seven parts of material is sufiicient^ 
if well mixed. Concrete should never be mixed on the bare 
▼round, but upon a platform. The material being spread out, 
ind the due proportion of lime or cement spread out upon it, 
rater is to be sprinkled over them from the rose-head of a 
/atering-oan, and the whole is then to be turned over and re- 
timed, again and again, so as to coat every separate piece of 
laterial with the cementing substance, and the concrete is then. 
» be deposited in place and trimmed leveL Tliat is all tliat is 
ecesaory when the concrete fias been well mixed. Wheeling it 
0 a stage for th^ purpose of letting it fall from a height in order 
consolidate it is useless labour ; so is ramumig, unless it bo 
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done at the moment lyhicli occui's between the adherence of the 
cement and its setting ; at any other time than tiiis ramming 
does more harm than good. No sand or other substance than the 
lime or cement is to be mixed therewith, but the clean stones are 
to be allowed to come togetlier, stone to stone, and to cohere by 
means of the cementing substance alone. 

Coal-tar,— This is procurable at any gas-works. Owing to their 
remoteness from the chemical manufactories which distil and 
otherwise use coal-tar, or from other causes, coal-tar is to be 
bought very cheap at many gas-works ; say at 2d. or 3d. per 
gallon. It is one of the waste products of the manufacture ot 
gas, whicli must be got rid of ; but it has a value for the purposes 
mentioned in this book which is not to be Pleasured by the neces- 
sities of demand and supply merely. 

Cement— Tyro kinds of cement are in common use, — Homan 
and Portland. Homan cement is made from the nodular stones 
ibiind in clay at several places, as at the isle of Sheppy and at 
Harwich. It sets <[uickly. Portland cement is made from a 
mixture of chalk and clay, and when these are properly propor- 
tioned the cement sets under water as well as in the open air. 
If sand be mixed with cement at all it should be clean and sharp 
to the touch, but even with such sand the strength of the cement 
is reduced below that of neat cement, in about the same ratio aa 
the (|nantities of cement and sand bear to ciicli other ; thus, wfth 
one of sand to one of cement, the strongth ultimately becomis 
about two-thinls of that of neat cement. With 2 of sand to 1 
of cement, about i ; with 3 of stind to 1 of cement, about ^ ; 
witli 4 of sand to 1 of comeiit, about ^ of the strength of neat 
cement. But the greater the proportion of sand the longer time 
Is required for setting ; with neat cement nearly the full ultimate 
strength is attained in about a month ; with 2 of sand to I of 
cement, in about three months; while with a greater proportion 
of sand the setting goes on still more slowly. So that, for ,the 
work herein referred to, Portland cement should be used neat. 

Hydraulic lime.— The best hydraulic lime is made from the blue 
lias beds of stone ; these extend iiita north-easterly direction from 
' Lyme Begis, in Dorsetshire, by Bath, Gloucester ,L4ce8ter, Newark^ 
and Gainsborough, to the Humber, and^thence to the east coast of 
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Yorkshire at Whitby. Hydmulic lime is Ibiind also at Abertliaw 
in Glamorganshire, and at Halkin, in Flintshire. It sets under 
water as well as Portland cement. It is called a poor lime in 
contradistinction to others which arc called rich or fat limes, as 
those wliich arc made from ehalkstone and the mountain lime- 
stone, which, although good for dry work, and for land, will not 
set under water. Its colour is a brownish yellow. It requires a 
much longer time to slake properly with water, and when slaked 
it swells but little in comjiarison with the fat limes. Instead of 
being slaked in lumps this kind of lime is ground into powder in 
revolving pans untler heavy rollers, and used in the manner of 
cement. A part of the Wenlock Limestone is strongly hydraulic. 
It has very much the appearance of the blue lias, and bums of 
nearly the same colour,— rather darker. Neither this nor the 
blue lias will cairy mucli sand. ^ 

As applied to roads, is the top coating of stone, or 
the road proper, and resists the wear and tear of horses’ feet, 
being laid upon a bed of stone which is called the foundation of 
the road. The metalling of roads shouhl be of such material os 
resists the wear of trallic, such as Whinstonc, Rowley rag, and 
Olee Hill Dim .stone ; this latter being one of the best kinds of 
stone in England for the mcUdling of mads. 

Organic master.— Matter endowed with life, whether animal or 
vegetable, or, as it would appear in some cases, partaking of the 
two ; as distinct from mineral matter, which is devoid of life. 
Natural philosophers cannot exactly determine whether cer- 
tain things which are foimd are animal or vegetable in their 
attributes, for they seem to partake of the qualities of both ; but 
of living things in general, and broadly, there is a marked dis- 
tinction in their qualities, and we call the one animal and the 
other vegetable ; but both are organised,— that is, the parts of 
each are endowed with the quality of co-operating with its other 
parts in producing structure. When it has attained the limit of 
the power with wluch it has been endowed it decays naturally. 
If its life be cut short before it attains that limit it decays stiU. 
In either case^ when its progress is arrested it returns to mother 
earth and is resolved into its original elements. This returning 
stage is ealled, in the book, effete oigonic matter, 

F 2 
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Puddle, or puddled clay. — Clay i-eiidered so clos^'and comjMict 
as to prevent the passage of water through it. AVhen clay is dug 
from the ground, it mostly contains either stones or small veins of 
sand, and it is to get rid of these that it is worked iij), cut, and 
cross cut, with long-hladed spades, and trodden into an impervious 
mass. In order to enable this to be done a certain quantity of 
water is added to the clay. It greatly hicilitates the working of 
puddle when time is allowed for the clay to soak up the water 
after being cut and cross cut, and before being finally worked and 
trodden. 

JFall-plate , — The piece of timber laid upon the top of the 
wall to receive the feet of the rafters, or tlie tie beam, of the 
roof. 

JFire ffauge . — The Birmingham wire manufacturers established 
certain numbei-s which rex)resent thicknesses, and specify any 
particular thickness not in parts of an inch but by the appropriate 
number. One eighth of an inch thick is No, 11 ; one sixteenth 
of an inch is No. IG , one thirty-second part of an incli is No. 
22 B. W. O. The thicknesses of sheet iron are stated in the 
same numbers. 
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'-VJII. Reservoirs.— FX. The Purihcatton of Water. — X. rumps.— XL Pummng 
: hfechintry.— XII. Conduits. — ^XIII. Distribution of Water.— XIV. Meters, Ser- 
•'vice Fiptei and House Fittings. — XV. The Law and Economy of Water Works.— 
^VI. Constant and Intermittent Supply. — XVJI. Description of Plates.— Appen- 
dices, jgiviypg Tables of Rates of Siupply, Velocities, &c. &c., together wirtt 
,^pecnk!atio^ of several Works illustrated, among which will be found Aberdeen,, 
BkI^okIjj unteTbury, Dundee, Halifax, Lambeth, Rotherham, Dublin, and othns* 

yi ' OPINIONS OF THE PRESS. 


" The ipDK systematic and valuable work upon water supply hitherto produced in 
EncliBlfA^^ in any other language.**— if (first notice) 
vklr; Humbm work is characterised almost throughout by an exhausUvi^ess 
much iRtore distinctive td French and German than of English technical treatises.*'— 
(t^ nptice). 

“We .can congtatulate Mr. Humber on having been able to give so laige an 
amount of infortriation on a subject so important as the water supply of dries apd 
towil^. The plates. Afty m ntunber, are mostly drawings of executed wodcs, and 
^ooe would have commanded the attention of every engineer whose praetkie nay lip 
"m thk branch ef the prafesrion.**— 



WORKS IN ENGINEERING, SURVEYING, ETC., 


Humber's Modem Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By William 
Humber, Assoc. Inst C.E., &c. Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawluhaw, C.E., F.R.S., Ac. 3/. 3^. hahf morocco. 


^ List of the Plates. 

NAMB AND DESCRIPTION. PLATES. NAME OP ENGINEER. 

Victoria Station and Roof— L. B.& S. C. RaiiL x to 8 Mr. R. Jacomb Hood, C.£. 

Southport Pier o and zo Mr. James Drunlees, C.£. 

Victoria StaUon and Roof— L. C. & D. & G. W. 

Railways iz toisA Mr. John Fowler, C.E. 

Roof of Cremome Music Hall 16 Mr. william Humber, C.£. 

BridM over G. N. Railway Mr. Joseph Cubitt, C.E. 

Roof of Station — Dutch Rnenish Railway .. x8andi9 Mr. Euschedi, C.£. 

Bridge over the Thames— West London Ex- 
tension Railway ao to 34 Mr. William Baker, C.E. 

Armour Plates 25 Mr. James Chalmers, C.E. 

Suspensioh Bridge, Thames.. a6 to 29 Mr Peter W. Barlow, C.E. 

The Allen Engine 30 Mr. G. T. Porter, M.E. 

Suspension Bridge, Avon 31 to 33 Mr. John Hawkshaw, CE. 

and W. H. Barlow, C.E. 

Underground Railway 34 to 36 Mr. John Fowler, C.£. 

With copious Descriptive Letterpre^, Specifications, &c. 


. ** Handsomely lithographed and jirinted. It will find favour with many who de.sire 
to yrezierve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works.*'— 


Humber’s Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER: 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.£.-, M.P., F.R.S., &C. 3/. 3J. half morocco. 


List of the Plates, 

NAME AND OBSCRimON. PLATES. NAMB OP BNOINEKR. 

Birkenhe.'id Docks, Low Water Basin ‘x to 15 Mr. G. F. Lyster, C.E. 

Charing Cross Station Roof— C. C. Railway, z6 to x8 Mr. Hawkshaw, C.E. 

Digswdl Viadnet— Great Northern Railway. 19- Mr. J, Cubitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. ^ 30 Mr. J. Cubitt, CE. 

Iron Permanent Way 900 — 

Clydach Viaduct— Merthyr, Tredegar, and 

Abergavenny Railway si Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto sa Mr. Gardner, C.E* ^ 

College Wood Viaduct — Cornwall Railway .. 93 Mr. Brunei. 

Dubkn Winter Palace Roof 94 to 96 Messrs, Ordishft LeFeuvra 

Bri ge over the Thames— L. C. & D. Railw. 97 to 39 Mr. J. Cubitt, C.E. 

Albeit Harbour, Greenock 33(036 Messrs. Bdl A Miller, 

With copious Descriptive Letterpress, Specifications, &c. 


Bi 

details, 

" Mr. Humber has dotte the nofession good and true scrrice, by the finO oeRoctioi 
of examples he has here brought before the ^ftesion and Hoc puUio.*'— 
Meckantes* 
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Humbet^s Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1865. Imp. 4tn, with 40 Double Plates^^drawn to a large 
scale, and Photo Portrait of J. R. M ‘Clean, Esq., late President 
of the Institution of Civil Engineers. 3/. 3J, half morocco. 


Usi of Plates arid Diagrams, 


MAIN DRAINAGE, METROPOLIS 
North Si dr. 

Plate X. Map showine Interception of 
Sewers. — s and 3. Middle Level Sewer, 
^wer under Regent’s Canal ; and Junc> 
tion with Fleet Ditch.-— 4, 5, and 6. Out- 
fall Sewer. Bridee over River Lea. 
Elevation and Details. • 7. Outfall 
Sewer. ^ Bridge over Marsh Lane, North 
Woolwich Railway, and Bow and Barkings 
Railway Junction — 8, 9, and 10. Outfall 
Sewer. Bridge over Bow and Barking 
Railway. Elevation and Details. — 
IX and 12. Oiitrall Sewer. Bridge over 
£a^ London Watci^vorks' Feeder. Ele- 
vation and Details. — 13 and 14. Outfall 
Sewer. Reservoir. Plan and Section. — 
Outfall Sewer, 'rumbling Bay and 
Outlet. — x6. Outfall Sewer. Penstocks. 
South Siub. 

Plates 17 and 18. Outfall Sewer. Ber- 
mondsey Branch. — 19, 20, 21, and 22. 

"With copious Descrij 


MAIN DRAINAGE, METROPOLIS, 
coatinuetf- 

Outfall Sewer. Reservoir and Outlet. 
Plan and Details.— 23. Outfall Sewer. 
Filth Hoist — 24. Sections of Sewers 
(North and booth Sides). 

THAMES EMBANKMENT. 
Plnte 25. Section of River Wall. — 
26 and 27. Steam-boat Pier, Westinruster. 
Elevation and Details — 28. Landing 
Stairs between Charing Cross and Water- 
loo Bridges. -29 and 30. York Gate. 
Front Elevation. Si^e Elevation and 
Details. — 31, 32, and/j3. Overflow and 
Outlet at Savoy Street Sewer. Details ; 
and Penstock. —34, 35, and 36. Steam-lKKxt 
Pier, Waterloo Bridge., Elevation and 
Details.— 37. Junction of Sewers. Plans 
and Sections — 38. Gullies. Plans and 
Sections — 39. Rolling Stock. — 40. Granite 
and Iron Forts. 

)tive Letterpress, &c. 


Humberts Modern Engineering, Fourth Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4I0, with 36 Double Plates, drawn to a large 
scale," and Photographic Portrait of John Fowler, Esq., President 
of the Institution oW^ivil Engineers. 3/, 3/, half morocco. 


List of the Plates and Diagrams, 

NAMB AND DESCRIPTION., PLATBS. NAMB OF BM INKER. 

Abbey Mills Pumping Station, Main Drainage, 

MetroMlxs i to 4 Mr. Banigette, C.E. 

Batxww Docks 5 to 9 Messrs. M ‘Clean & Stillman, 

rt'atwp M* Viaduct, Santiago and Valparaiso . [C.E. 

Rau way. xo, XI Mr. W. Ia>yd, C.E. 

Adams' Locomotive, St. Helen's Canal Railw. xa, 13 Mr. H. Cross, C.E. 

Caimon Street Station Roof 14 to 16 Mr. I. Hawkijiaw, C. R 

Road Brieve over the River Moka. 17, x8 Mr. H. Wakefield, C.E. 

T^egraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C. E. 

Viaductover tM River Wye, Midland Railw. so to aa Mr. W. H. Barlow, C.E. 

Sc. Germans Viaduct, Cornw^l Railwav 33, 34 Mr. Brunei, C.E. 

Wroug^^Iron Cylinder for Diving Bell as Mr. J. Cpt^, C.E. 

Mittwall Docks a6 to 31 Messrs. J. Fowler, C.E., an 

William Wilson, CE. 

Ma«)y*s Patent Excavator 3t Mr. Milroy. CE. 

Meixtopofibn District Railway 33 to 38 Mr. J. Fowler, and Mr. T 

M. Johnson, C£. 

Harbours, Ports, and Breakwaters. • A to c 

frith Cofdons Descriptive Letterfress, Specifications, 
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Humber’s Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William PIumber, Assoc. Inst. C.E., and M. Inst. 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to, 6/. i6j. 6 d, half-bound 
in morocco. 

“A very valuable contribution to the standard literature of civil engineering. In 
addition to elevations, plans, and sections, large scale details are given, which ve^ 
much enhance the instructive worth of these illustration-*. No engineer would wil- 
lingly be without so valuable a fund of information.”— Architect's 
Journal. 

** Mr. Humber’s stately volumes lately i5.sued— in which the most important bridges 
erected during the last five years, under the direction of our most eminent engineers, 
are drawn and specified in great Engineer. 

A book— and particularly a large and costly treatise like Mr. Huinber’s— which 
has reached its third edition may certainly be said to have established its own 
reputation. "^Engineering, 

Strains,FormulcB & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
Humber, Assoc. lust C.E., &c. Second Edition. Fcap. 8vo, 

’ with nearly 100 Woodcuts and 3 Plates, *!$, 6 d, cloth. 

'* The arrangement of the matter in tHs little volume is as convenient as it well 
could be.^ • • • '^.he system of employing diagrams as a sub.<;titut« for complex 

computations is one justly coming into ^at favour, and in that respect Mr. Humber’s 
vokime is fully up to the times.” — Engineering. 

“The formula; are neatly expressed, and the diagrams good .”— ^ 

** Mr. Humber has rendered a great service to the ari^itect and engineer by pro- 
ducing a work especially treating on the methods of delineating the strains on iron 
beams, roofs, and bridges by means of diagrams.”— 

c 

Barlow on the Strength of Materialsy enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with kules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and ^he effect of Inclined Planes 
and Gradients. By Teter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S., to which are added Experiments by HodCKINSON, Fair- 
BAIRN, and Kirkaldy ; an Essay (with Illustrations) on the efiect 
produced by passing Weights over Elastic Bars, by the Rev. 
Robert Willis, M.A., F.R.S. And Formulas for Calculating 
Girders, &c. The whole arranged and edited ^ W. Humber, 
Assoc. Inst. C.E., Author of ** A Complete and Practical Treatise 
on Cast and Wrought-Iron Bridge Construction,” &c. 8vo, 400 
pp., with 19 large Plates, and numerous woodcuts, i8r. cloth. 

** The boak is undoubtedly worthy of the highest commendation.’'— 

“The best book on tne subject which has yet appeared. .... We knoir of 
AO woHc that so corajdetdy fuuleits mission.”— hfeckanic. 

** The standard treatbe upon this particular mx\^tct,'*~--Esiiineer. 
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Tramways and Tram-Traffic. 

TRAMWAYS : their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Aiicilysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compres‘;e(i Air; a Description 
of the varieties of Rolling Stock ; and ample Details ^of Cost and 
Working Expenses, with Special reference to the Tramways of the 
United Kingdom, hy D. Kinnear Clark, M. 1. C. E., Author 
of * Railway Machinery,’ Sic., in one vol. 8vo, with numerous illus- 
, Irations and thirteen folding plates, i8j. cloth. published^ 

Iron and Steel. 

‘IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Ready, U.seful, and Trustworthy 
Information for Ironmasters and their SlocklaUcrs ; Managers of 
Bar, Rail, Plate, and Sheet Rolling Mills ; Iron and Metal 
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Builders, and 
Professional Draughtsmen. By Charles Hoame, Author of 
*The Slide Rule,* &c. Eighth Edition. Revised tj .oughout and 
considerably enlarged. With folding Scales of “ Foreign Mea- 
sures compared with the English Foot,” and “fixed Scales of 
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c.” 
Oblong, 32rao, leather elastic-band, 6 j. 

** We cordially recommend this book to tlvose eiif^agod in considering the details 

of all kinds of iron and steel works It has been compiled with care and 

accuracy. . . Many useful rules and hmt.s are given fur lessening the 

amount of arithmetical labour which is always more or less necessary in arranging 
iron and steel work ot all kinds, and a gre.at quantity of usetui tables for preparing 
•estimates of weights, dimensions, strengths of structure.s, costs of work, &c.» will be 
found in Mr. Hoare’s book.-»A^0va/ Science. 

Wealds Engineer s Pocket-Book. 

THE ENGINEER’S, ARCHITECT’S, and CONTRACTOR’S 
POCKET-BOOK (Lockwood & Co.’s; formerly Wealk's). 
Published Annually. In roan tuck, gilt edges, with lO Copper- 
Plates and numerousrWoodcuts. 6s. 

** A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in. reality, what it professes to be — a pocket-book. . . . 
We cordially recommend the book.— Guardian. 

** It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
profesnons generally.”— youmal. 

Iron Brids^es. Girders, Roofs, &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. fLspecially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mulae and Symbols being excluded. By Francis Campin, C.K 
Second Edition revised and corrected. With numerous Diagrams* 
12mo, cloth boards, y. 


"'Invaluable to those who have not been educated in mathematics.'*— 
GueenHaut 

** Remarlcably accurate and well written.**— if rfMoe* 
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Pioneer Engineering. 

PIONKKR KNGINEKRING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste I.ands in New 
Countries, iiy EDWARD DOBSON, Assoc. Inst. C.E., Author of 
“The Art of Building,” &c. With numerous Plates and Wood 
Engravings. Crown 8 vo, lOf. 6r/., cloth. [Just published, 

** A most useful handbook to engineering pioneers.” — Iron. 

“ The author’s experience has been tiu-ned to good account, and the book is likely 
to be of considerable service to pioneer Building Neivs. 

New Iron Trades' Companion. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Scries of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods Viought or sold by weight, from is. per cwt. to ii2j. per 
cwt. , and from one farthing per pound to one shilling per pound. 
Each Table extends from one pound to loo tons ; to which are 
appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficie.s and Solids, &c. ; also Tables of Weights of Materials, 
and other Useful Memoranda. By TiiOMAS.DowNiE. Strongly 
bound in leather, 396 pp., Qj. 

** A most useful set of tables, and will .<iupply a want, for nothing like them before 
existed.” — Building News. 

** Will .save the possessor the Iroublo of making numerous intricate calculations. 
Although specially adapted to the mm and metal trades, the tables contained in this 
handy little companion will be found useful in every other business In which mer^ 
chandi.se is bought and sold by weight.” — Railway News, 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
f orms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. A useful book for Members of Local Boards and Rural 
Sanitary Authorities, Health Officers, Engineers, Surveydlb, 
Builders, and Contractors. By Charles Slagg, Assoc. Inst. C.E. 
Crown 8vo, 5.r,, cloth, 

*1 Mr. Slagg has brought together much valuable Cnformation, and has a happy 
lucidity of expression ; and he has been indiLstrioiia in collecting data.” — UeeHteum, 

**This is a very useful book, and may be safely recommended The author, 

Mr. Charles Slagg, has had practical experience in the works of which he treats. 
There is a great deal of work required to be done ia the smaller towns and villages, 
and this little volume will help those who are willing to do it.” — Builder, 

Sanitary Engineering. 

WHOLESOME HOUSks : being an exposition of the Banner 
Syislein of Sanitation. By PJdwardGregson Banker, C.E. New 
and enlarged edition. (25th thousand), illustrated with numerous 
Wood Engravings. Crown 8vo, sewed cloth ts. \Just published. 

Steam Engine. 

S TEAM AND THE STEAM ENGINE, Statienaijr and Port- 
able,' an Elementary Treatise on. Being an Extension of Mr. 
John Seweirs Treatise on Steam. By D. Kinnear Clark, 
C.E., M.l.C.E.f Author of “ Railway Locomotives,” &c. With 
Illustrations. i2mo, 4^., cloth. 

** Every essential part of the subject is treated of competently, and in a popular 
style.* ^IroH, 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst. C. E. Second Edition, with S plates. Royal 8vo, 5 j“. cloth. 
Contents . — Introductory Remarks : Beams Loaded at Centre ; Beams Loaded at 
unequal distances between siip^i ts ; Beams uniformly Loaded : Girders with triangu- 
lar wacin^ Loaded at centre ; I>itto, Loaded at unequal distances lietween supports ; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with triangular 
Basings; Cantilevers; Continuous Girders; Lattice Girders; Girders with Vertical 
Struts and Diagonal Tics ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not t^longiiig to any regular figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Cliaracter of the Work ; Iron Koofik. 

Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT, Exhibiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.£. Woodcuts, i2mo, cloth boards, 3.r. td, ; cloth limp, 2s, 6 d, 
** A very useful and thoroughly practical little volume, in every; /ay deserving of 
sirculntion amonest working men .” — Mining yourttaL 

No ironworker who wishes to acquaint himself with the principles of his own 
trade can afford to be without '\\.f^-South Durham Mercury, 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c. 
By James Armour, C.E. With 73 Diagrams. i2mo, cloth 
boards, 3^. 6</. 

** Numerous illustrations enable the author to convey his meaning as explicitly as 
it is p^haps possible to be conveyed. 'I’he value of the theoretic and practical know- 
ledge imparted cannot well be over estimated." — Newcastle Weekly Chronicle, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines o( the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations*' Fourth 
Edition, revised and much enlaiged. . i2mo, elotb boards, Ss, 6d, 

*' Carefully written, it has the merit of brevi^ and conciseness, as to less important 
pobts, while all material matters are very (^ly and thoroughly entered into." — 
Standard.^ 

Trigonometrical Surveying, 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo 
graphical and Topographical Maps and Plans, Military Recon* 
naissance, Levelling, &c., with the most useful Problems iu Geodesy 
and Practical Astronomy, and Formulae arid Tables for Facilitating 
their Calculation, By Lieut-General Frome, R.£,, late In* 
spector-General of Fortifications, &c. Fourth Edition, Enlarged, 
thoroughly Revised, and partly Re-written. By Caittain Charles 
Warren, R.E., F.G.S. With 19 Plates and 115 Woodcuts, 
royal Svo, cloth. 



8 WORKS IN ENGINEERING, SURVEYING, ETC., 


Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
ont of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and I evelling under Ground, Sub- Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By Frederick Walter Simms, M. Inst. C.E., authoT 
of “A Treatise on Levelling.** Third Edition, Revised and Ex- 
tended, with additional chapters illustrating the Recent Practice ot 
Tunnelling as exemplified by the St. Gothard, Mont Cenis, and 
other modern works, by D. Kinnear Clark, M. Inst. C.E^ 
Imp. 8vo, with 21 Folding Plates and numerous Wood En- 
gravings, 30J., cloth. 

It i«: the only practical treatise on the great art of tunnelling. Mr. Clark's work 
brings the exigencies of tunnel enterprise up to our own time. The great length of 
modern tunnels lia^ led to a new difficulty in the a«‘t, which the last generation was 
imorant of, namely, the difficulty of ventilation. In Mr. Clark's supplement we find 
this branch of the subject has been fully considered. Mr. Clark’s additional chapters 
on the Mont Cenis and St. Gothard Tunnels contain minute and valuable experiences 
and d.ita relating to the method of excavation by compressed air, the heading 
operations, rock-boring machinery, process of enlargement, ventilation in course of 
construction by compressed air, labour and cost, &c.” — Building News. 

“ The estimation in which Mr. Simms’ book on tunnelling has been held for over 
thirty years cannot be more truly expressed than in the words of the late Professor 
Kankine : — * The best source of information on the subject of tunnels is Mr. F. W. 
Simms’ work on Practical Tunnelling.” ’ — The Architect, 

Levelling, 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr, 
Telford’s Rules for the same. By Frederick W. SimmS, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law’s Practical Examples for Setting out 
Railway Curves, and Mr. TRAUTWiNE’stField Practice of Laying 
out Circular Curves, With 7 Plates and numerous Woodcuts. Svo, 
8f. (id, cloth. *** Trautwine on Curves, separate, 5* 

*' One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume.” — Mining youmal, 

** The text-book on levellmg in most of our engineering schools and colleges.”— 
Engineer, 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; aa Exposi^cm 
of its Comparative Merits, and an Essay towards an Improved 
.System of Construction, adapted especially to secure Safety mid 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plan, Mecklenberg. Translated from the Gennan, with Notes, by 
Dr. Pole, F.R.S., M. Inst C.E., &c. &c. With 28 fine Plides, 
8vo, ifir. (id, cloth. 

** A work like this, which goes thoroughly into the exaniaation of the high-preetiirQ 
eagiae, the bolter, and its a|]peDclages, &c., is exceedingly lueAU, and deserves a ph eo 
in every sciennfic library. Chtvmeu* 
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Reynolds^ Locomotive-Engine Drivine^. 

LOCOMOTIVE-KNGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynuia>s, Inspector, Locomotive and Carriage Department, 
London, Brigliton, and South Coast Railway. Seepnd Edition. 
With Illustrations. Crown 8vo, 4s. 6d., cloth. \Jitst /iublis/u'd, 
Mr. Reynolds has supplied a want, and has supplied ic well. Wc can confidently 
recommend the book not only to the practical driver, but to evci-y one who takes au 
interest in the performance t)f locomotive engines .” — The lin^ineer. 

The work is as novel as it is useful, and if drivers and firemen will but take as 
much pains in reading it as the author has in writing it, there can be no question as 
to the benefit they willderive.”— Mechanic. 

. “ Mr. Reynolds has opened a new chapter in the literature of the day. This 
admirable practical treatise, of the practical utility of which we have to speak in 
terms of warm commendation.” — Atkeruemn. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables,/ .nd General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, I4.r. cloth. 

Undoubtedly an exceedingly useful and elaborate compilation.” — Iron. 

Alike valuable to students and engineers in practice — Mining Journal. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem. 
Inst. C. E., Author of ** Elementary Principle.s of Carpentry,” &c. 
Fifth Edition, Edited by Eaton Hodgkin.son, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts; 8vo, its, cloth. 

*** Hodgkinson on Cast Iron, separately. Price 6 j. doth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, A.I.C.E. 
Fourth Edition. i2mo, 6 j., cloth. 

** The best work on boilers which has come under our notice.*’ — Engineering, 

•‘The best treatise that has ever been published on steam boilers.”— 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
' for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on Cards, and sold in. a 
doth box, waistcoat-pocket size, 3/. 6d, 

** Each table is printed on a small card, which, being placed on the theodolite leaves 
iihe hands free to manipulate die instrument— no small advantage as regards the rapidity 
of work They are clearly printed, and compactly fitted into a small case for the 
]^odeet-^as arrangement that will recommend them to all practicsd men.”— 

** Vary handy : a man may know that all his day's work must fisll on two m these 
edtich he pots into his own card-case, and leaves the rest behmd.'*--nd€fAcmvMMf. 
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Slate and Slate Quarrying* 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. Ry D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illiisl rations and Folding 
Plates. Crown 8vo, 6j., cloth. 'ijitst published . 

“A useful and practical hand-book on an important industry.” — Engineering. 

“A useful embodiment of practical information derived from original source.s, com- 
bined with a digest of evcrj'ining tliat has already appeared likely to be of interest.” 
Building Neivs. 

“ There is no other book which contains so much information concerning the pro- 
cedure observed in taking quarries, the processes employed in working them, and 
.such full statistics of the present and past position of the great slate trade of 
Wales .” — The Atihitcci. 

Earthwork. 

EARTHWORK TABLES, stowing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 8o feet. By Joseph Broadtjknt, C. E., and Francis 
Campin, C . K . Cr. 8vo, oblong, ^ s . cloth. 

**The way in which accuracy is attained, by a simple division of each cross 
section into three elements, two of which are constant and one variable, is in- 
genious .” — A tlientpum. 

“ Cannot fail to come into generr.1 use .” — Mining Jounuil. 

Surveying (Larvi and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation oi Plans for Roads and Railways, Canals, Rivers, 
Towns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments, By W. Davis Haskoll, C.E. 
8vo, i 2 s. 6d . clotn, with 14 folding Plates, and numerous Woodcuts. 
** A most useful and well arranged book for the aid of a student ” —Builder. 

** Cannot fail to prove of the utmost practical utility, and may be safely recom- 
mended to all students who aspire to become clean and expert surveyors.”— 
JourfuU, 9 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION, By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, a 
vols. in one, cloth boards, i/. is. (published at 2/. 4^.) 

Mining, Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER’S COM. 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instrument^ also an Exposition of the Correct Princmles 
of Laying out and valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. Withfour Plates of Diagrams, Plans, &c. , i2mo,4f. , cloth- 

**ContHin$ much valuable information given in a amall compass, and which, as &r 
as we have tested it, is thoroughly trustworthy.”— and Coed Trades Betdatf. 

The above, bound with ThOman*S Tables. (See page 2^). 
Price 7 j. 6 rt?., cloth. 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems; Hints on Fire Brigades, &c., &c. 
By Charles h. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, l/. 4J. cloth. 

** We can most heartily commend this book It is really the only English 

work we now have upon the subject,” — Engineering. 

** We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades.” — Meciuinics* Mngazine. 

Mamtal of Mining Tools. . 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgan.s, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text, 
l2mo. With an Atlas of Plates, containing 235 IPustrations. 4to. 
Together, 9^. cloth boards. i ' 

*' Students in the Science of Mining, and not only they, but subordinate officials in 
mines, and even Overmen, Captains, Managers, and Viewers may gain practical 
knowledge and useful hints by the study of Mr. Morgans' Manud.” — Colliery 
GumreHan. 

A very valuable work, which will tend materially to improve our mining litera- 
ture,” — Mining foumal. 

Commofi Sense for Gas- Users. 

COMMON SENSE FOR GAS-USERS: a Catechism of Gas- 
Lighting for llou-icholdcrs, Gasfittcrs, Millowners, Architects, 
Engineers, &c., &c. By Robert Wilson, C.E., Author of “ A 
Treatise on Steam Boilers.” Second Edition. Crown 8 vo, sewed, 
with Folding Plates and Wood ICngravings, 2 j. Od. \yuU published. 

Gas and Gasworks. 

A TREATISE on GASWORKS and the PRACTICE of 
MANUFACTURIIJG and DISTRIBUTING COAL GAS. 
By Samuel Hughes, C.E. Fourth Edition, revised by W. 
Richards, C.E. With 68 Woodcuts, i2mo, 4J., cloth boards. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of 
England as influencing Supplies of Water. By Samuel Hughes, 
F.G.S., Civil Engineer. New and enlarged edition, i2mo, with 
numerous Illustrations, 5 -f*» cloth boards. 

** One of the most convenient, and at the same time reliable works on a subject, 
the vital importance of which cannot be over-e.stiinated." — Brtui/ord Observer. 

Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Waeington W. Smyth, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown and of the Duchy of ComwalL New 
edition, revised and corrected. i2mo, with numerous Illustra- 
tions, 4^. 61/., cloth boards. 

** Every^rtion of the volume appears to have bem prepared with much cafe, and 
aa an outline is given of every known ccal-field in this and other countries, as well av 
of the two prinetpak methods of working, the book will doubtless interest a very 
large number of readers.”— Journal, 
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Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Hknry Law, C.E. Revised and Condensed by D. Kinnear 
Clark, C.E. —II. Recent Practice in the Construction of Roads 
and Streets : including Pavements of Stone, Wood, and Asphalte. 
By D. Kinnear Clark, C.E., M. T.C.E., Author of “Railway 
Machinery,” “ A Manual of Rules, Tables, and Data-,” &c. With 
numerous Illustrations. i2mo, 5 j., cloth. . \y ust published. 

“ A hook which every borough surveyor and engineer must possess, and which will 
be of considerable service to arcliitects, builders, and property owners generally. 
Building N^vs. 

“ I'he volume is suggestive, and will be an acquisition not only to engineers but to 
the greater numher of people in this country on whom devolve.-, the administration of 
road.s as a part of the system of loc,-!! government .” — The Archittxt 
• “ To highway and town surviwors this book will have the utmost value, and as con- 
taining the largest amount of information in the shortest space and at the lowest price, 
we may predict for it a wide circulation .” — Journal ef Cns Lighting. 

Field-Book for Engineers. 

THE ENGINEER’S, MINING SURVEYOR’S, and CON- 
TRACTOR’S FIELD-BOOK, By W. Davis IIaskoli, C.E. 
Third Edition, enlarged, consisting of a Series of Tables, with 
Rules, Explanations of Systems, and Use of Theodolite for Traverse 
Surveying and Plotting the Work with minute accuracy by means, 
of Straight Edge and Set Sc^uareonly; Levelling with the Theodo- 
lite, Casting out and Reducing Levels to Datum, and Plotting Sec- 
tions in the ordinary manner; Setting out Curves with the Theodo- 
lite by Tangential Angles and Multiples with Right and Left-hand 
Readings of the Instrument ; Setting out Curves without Theodolite 
on the System of Tangential Angles by Sets of Tangents and Off- 
sets; and Earthwork Tables to & feet deep, calculated for every 6 
inches in depth. With numerous wood-cuts, i2mo, I2J. cloth.^ 
“The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute wUl make it useful for many other purposes, the 
genuine traverse tables existing all the ssancJ'*’^Alhefu^m. 

** A very useful work for the practical engineer and surveyor.”— iPaiVairtjy News. 

** The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.’^— 
Jemmal. 

** We strongly recommend it to all classes of surveyors.”— Cof/cirri' Guardian, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK, By Albx. J. S. Gkaham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, zs, 6 d, cloth. 

** A* a really handy book for referen^ we know of no work equal to it ; and die 
railway ennneers and others emdoyed in the measurement and calculation of earth- 
work will umI a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculationa 
required in the engineers’ contractor’s offices.”— 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS: A 
Treatise on Maritime Engineering. By Thomas Stevxhson» 
F.R.S.E., F.G.S-m M.I.C.E, Second Edition, containing sum 
additional subjects, and otherwise generally extended and nevisea. 
With 20 Plates and numerous Cuts. Small 4to» 151. cloth. 
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Delamott^s Works on I Alphabets. 

A PRIMER OF THE ART OF IX.fc,|;jiflFATlON ; for the 
use of Begi'^mers: with a Rudig;ientaTy TtEati^e on the Art, Prac- 
tical Directions for its Exerci^, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTi'E. Small 4to, gj. Elegantly bound, cloth antique. 
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** A handy liook, beautifully illustrated; the text of whi^h is well written, and cal- 
culated to be u<ieful. . . . The examples of ancient MSS; rfecominended to the student, 
which, with much good sense, the author chooses froni cbllections accessible to all, are 
^ect^ with judgment and knowledge, as well as 

ORNAMENTAL ALPHABETS, ANCIEhTT and MEDIAEVAL ; 
from the Eighth Century, with Num^^ls ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monogram^ Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Det amotte, and 
printed in Colours. Royal 8vo, oblong, 4J. cloth. 


**A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years* study and research* For those who insert enamelled sentences 
round gilded chalices, who blaaon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book will be \iSldx^.^•-^Athenatum. 


EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
fective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lith^rsmhers, Engravers, 
Carvers, &c. Collected and engraved by 1^ Delamottb, and 
printed in Colours. Royal 8vo, oblong, 4^. cloth. 

** To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluAle. There is comprised in it every TOvsible shape into 
which the letters of^e alphabet and numerals can be formed, and the talent whicl 
has been expended in the conception of the various plain and ornamental letters is 
wonderful. ’’--Standard, 


MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 2i Plates, and Illuminated Title, 
printed in and Colouxs. With an Introduction by J, WZLLIS 
Brooks. lAiall 4to, cloth gilt. 

A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the pnsm interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
cady comparable to ond’oftthose delicious love letters symbolized in a bunch of flowers 
wall selemd and cleverly arranged.”— dTaris. 

THE EMBROIDERER'S BOOK OF DESIGN j containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Med^va^ and Modem Alphabets, and Natlbnal 
Emblems. Collected and engraved by* F. DsLAMorrE, and 
printed in Colours. Obloxig roy^Svo, 2s. 6 d. in omalnen^ boards. 
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AGRICULTURE, &c. 

Youatt and Bum’s Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER’S and CATTLE 
BREEDER’S ASSISTANT. A Compendium of HusbancU^ 
By WiLUAM Youatt, Esq., V.S. 12th Edition, enlarged b 
Robert Scott Burn, Author of “The Lessons of My Fann,** &c 
One large 8vo volume, 860 pp. with 244 Illustrations, i/. u. hsitlf>bd 
** The standiard and text-book, with the farmer and crazier, Magaam*. 

** A treatise which will remain a standard work on the subject as long as BriUsI 
agriculture endures.” — Mark Lane Express. 

Spooner on Sheep. 

SHEEP: THE HISTORY, STRUCTURE, ECONOMY. 
AND DISEASES OK. By W. C. Spoonkr, M.R.V.C., &c 
Third Edition, considerably enlarged ; with numerous fine engra 
vings, including some specimens of New and Improved Breeds 
Fcp. 8vo, 366 pp., 6 j. cloth. 

** The book i& decidedly the best of the kind in our language.” — Scotsman. 

” Mr. Spooner has conferred upon the agricultural cla.ss a lasting benefit by cm 
bodying in this work the improvements made ih sheep stock by such men a 
Huirmhreys, Rawknee, Howard, and others.” — HampsJiire Advertiser. 

* The work should be in possession of ^ery dock-master.” — Banbury Guardian 

Scott Burn’s System of Modern Farming. 

OUTLINES OK MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy- 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, anc 
Poultry — Utilisation of Town- Sewage, Irrigation, &c. New Edition, 
In I vol. 1250 pp., half-bound, profusely illustrated, I2x. 

*' There is sufficient stated within the limits of this treatise to prevent a fiurmei 
from going far wrong in any of his operations."— 

• Good Gardening. * 

A PLAIN GUIDE TO GOOD GARDENING j or, How t< 
Grow Vegetables, Fruits, and Flowers. With Practical Notes 
Soils, Manures, Seeds, Planting, La^ing-out of Gardens AH 
Grounds, &c. By S, \Vt)OD. Second Edition, with con$tdera]|^ 
Additions, &c., and numerous Illustrations. Cr. 8yo, 5^., cloth^^ 

” A very good book, and one to be highly recommended as a practical , 

The practicm directions are excellent”— ^ 

” A thoroughly useful guidebook for the amateur gardener who may waht tei 
his plot of land not merely ^pretty, but uaeful,and profitable.”— Teieg 

Profitable Gardening. 

MULTUM-IN-PARVO GARDENING; or.^owto malcfr^ 
Acre of Land produce ;^620 a ycarj by the Cultivation of 
And Vegetables; also. How to Grow Flowers in Thrtffe’iCSj 
Houses, bo as to realise £ 1 76 per annum clear Profit. . 

Wood, Author of “ Good Gardening,” &c. 2nd Edition, 4;)^ 
With Wood Engravings. Cr. 8vo, 2j., cloth,^ CJi***^ 

” We are bound to recommend it as not only suited to th*case of the amaltur « 
gentleman's gardener, but to the market grower.”— Magaxhu. , 

■ Horton’s Underwood and Woodland Tables.. 

TABLES FOR PLANTING and ValnInK Undwrood ioifW 
bmi tloRtcm. i2mo.,2^.]iov(BdJ . 



3 * 


USJ^D BY CROSBY LOCKWOOD & CO. 


maidson and Burns Suburban FarTning. 

-SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms, adapted to the produce of Milk, Butter and 
Cheese, Fggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice by Robert Scott Burn. With numerous 
Illustrations. Crown 8vo, 6 j., cloth. Published. 

fin admirable treatise on all matters coxmected with the laying-out and cultivation 
liry farms .” — Live Stock yournal, 

vart's Land Improvet^ s Pqcket~Book. 

THE LAND IMPROVER’S POCKET-BOOK OF FOR- 
MUL/^, TABLES, and MEMORANDA, required in any Com* 
putation relating to the Permanent Improvement of Land^ Pro* 
perty. By John Ewart, Land Surveyor and Ag^cultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4r. 

Admirably c.^culated to^serve its purpose.” — Scotsman. 

A compendious and handy little volume.”— 

udsons Tables for Land Valuers. 

THE LAND VALUER’S BEST ASSISTAF P: bring Tables, 
on a very much improved Plan, for Cidculating tht Value of 
Estates. With Tables for reducing Scotch, Irish, and Pfovincial 
Customary Acres to Statute Measure ; also. Tables of Squaare Mea* 
sure, and of the Dimensions of an Acre by which the Contents 
of any Plot of Ground may be ascertained without the exmnse of 
a regmar Survey; &c. By R. Hudson, C.E. New Edition, 
royal 32mo, oblong, leather, gilt edges, with elastic band, 
’incalculable value to country gentlemen and professional men. ^•^FarmiVsyoumal. 

■nnplete Agricultural Surv^or^s Pocket-Book. 

THE LAND VALUER’S AND LAND IMPROVER’S COM- 


PLETE POCKET-BOOK ; consisting of the above two works 
, bound together, leather, gilt edges, with strap, *js. 6d. 

. above foKfns an unequalled and most eomf^ndious Pocket 


We consider Hudson's book to be the best ready-reckoner on matters relating to 
valuation of laud and crops we have ever seen, and its combination with Mr. 
art's work greatly enhances the value and usefulness of the latter-mentioned . 
i>mqst useful as a manual for reference .”— ef Efigiand Farmer. 


'ke JkLanagement of Estates. 

.Landed estates management: Treating of the 

't^Varieties o|^Lands, Peculiarities of its Farms, Methods of Farming, 
f Setting-out of FRrms and their Fields, Construction of Roads, 
^^e'nces, Gates, and Farm Buildings, of Waste or Unpyoductive 
ligands, Irrigation, Drainage, Plantation, &c. By R. Scott Burn, 
^o. numerous Illustrations, 3r. 6d. 

BjdrfCji Introduction to Farming. 

'ysfjs: li^SONS vt MY FARM i a Book for Amateur .^UieuI- 
. "iumts, beii^ an Introduction jko Faim Practice, in the Cn)ltain of 
vOiwNli the Feeding of Cattle, Management of the l>ahy, Poultry, 

» yfy Ra SCoTT Bt^RNa With humefoua lUus. Fcp. €s. P 
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**A Complete Epitome of the Leews < 
Countiy." 

EVERY MAN’S OWN LAWYER ; a Handy-Book of flu. , 
ciples of Law and Equity. By A Barrister. 15th Editio 
Revised to the end of last Session. Including a Summary of if 
Judicature Acts, and the pnncipa} Acts of the past Session, vu 
— The Canal Boats* Act, The Destructive Insects’ (or Coloram 
Beetle) Act, The Fisheries* (Oyster, Crab, and Lobster) Act, an< 
the Fishenes’ (Dynamite) Act, &c., icc. With Notes <in< 
References to the Authonties. Crown 8vo, price dr. 8</. (saved a 
every consultation), strongly bound. 

COMPRISING THE LAWS OF 

Banicru»tcV'->Bills or Exchange— CoNTtuicTS and AGXKBMBNTS—CoFnaGtv 
-^DpwBR AHD Divorce — Elbctions and Rbcistration — Imsurancr-~Libb 
AND Slander— Mortgages -Sbttlsmbnts -Stock Excnanob Practice- 
Tract Marks and Patents^— Trespass, Nuisances, etc — Tkansfbe 01 
Land, etc. — ^Warranty— Wills and Agrbbmbnts, rtc A1*m> Law for 
Z<andlord and Tenant — Master and Servant— Workmen and Apprentices — Heirs 
Devisees, and Legatees — Husband and Wife — Executors and 1 ruscees — Guardial 
and Warn — Married Women and Infants — Partners and Agento— Lender am 
Borrower — Debtor and Creditor— Purchaser and Vendor— Companies and Asso 
ciations— Fnendly Societies— Clergymen, Churchwardens— Medical Practitioners 
&C. — Bankerti — Farmers — Contractors— Stock and Share Brokers— bportsmei 
and Gamekeepers— Fanners and Horse-Dealers— Auctioneers. House-Agentbr- 
Inakeepers, Ac — Pawnbrokers — Sarveyors— Railways ind Carriers. &c. Ac. 

•* No Englishman ought to be without this book **—-Engtn€tr 
*'What It professes to bo— a complete epitome of the laws of this country, thmroughh 
intelligible to non-proicbsional reaaen.**— Zrf/ir. 


Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSI 
AND ESTATE AGENT, AND VALUER’S POCKET AS 
SISTANT, for the Valuation for Purchase, Sale, or Renewal o 
Leases, Annuities, and Reversions, and of property generally 
with Prices for Inventories, Ac. By John W heeler, Valuer, Ac 
Fourth Edition, enlarged, by C Norris, Royal ^amo, cl^b, 5^ 
'* A neat and cepstse book of reference, contammg an admirable and cleudy 
arranged list of pnres for inventories, and a very jlftAical guide to detenwne w 
value of furmturei, Ac.**— kSftfaMdenf. ' M 

PattmhroJ^^s Legal Guide. 1 

THE PAWNBROKER’S, FACTOR’S, and MERCHANTS 
GUIDE to the LAW of LOANS and PLEDGES. By H. G 
FoLKAKD, Esq., Barrister-at-Law, Author of the '‘Law of 
and Libel,** Ac. With Additions and Corrections to 1S76. itA 
cloth boards^ 6 <i, ^ 


House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular aadl^] 
tlcal Guide to the Purchttte, Moi^p^ge, Tenancy, and Compel 
Side of Houstfs and Land ; including the Law of Dilapidatim i 
Fiatures; with Explanations and BSamples ofAll ki^of Val 
tions, mid useBil Intonnatioii and Advice on By JEDW^f 

Lancb TAABUCXk Architect and Surveyor, lamo, 5 A 
We ate ghtd 10 he idile to tecommend 
^^Thnad^fa thtepi ^y practical **— 







